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SYNOPSIS
This Thesis is the result of a fifteen year involvement in both the 
theoretical and practical aspects of spur and helical gear design.
Over this period of time, the evolution of the computer, has rendered 
its use in gear design to be almost mandatory. However, the greatest 
problem faced in writing the necessary software, has been the analysis 
of the Lewis parabola inscribed within the gear tooth profile.
The tenet of this Thesis, is the presentation of an original 
analytical method for the calculation of the height and width of the 
Lewis parabola. This theory has been adopted, both in an analytical 
and graphical format, by the Australian Standards Association Gear 
Committee ME/11, and has been distributed as AS 2938-1987, being a 
supplement to AGMA 218.01 Dec 1982.
An adaptation of the theory, has resulted in the production of 
software for the rating and/or design of gears to AGMA 218.01. The 
package is designed to be used by a person unfamiliar with gear 
design, whilst at the same time, the program has sufficient 
flexibility to satisfy the needs of an experienced gear designer.
To complement the theory, and as part of the ongoing program of gear 
research being conducted at the University of Wollongong, a gear 
testing rig was designed and manufactured. Although four gear sets do 
not provide sufficient evidence from which to draw categorical 
conclusions, the trends were towards a verification of the theory, for 
modified addendums, in combination with minimum specific sliding 
velocities.
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LIST OF SYM BOLS
BHN = Brinell Hardness Number
Bn = backlash applied in the normal plane, mm
b = operating dedendum, mm
C = operating centre distance, mm
Ca = application factor for pitting resistance
Q = curvature factor at pitch line
Ce = mesh alignment correction factor
Cf = surface condition factor
Ch = hardness ratio factor
Ch = helical factor
Cl = involute clearance coefficient
Cl = life factor for pitting resistance
Cm = load distribution factor for pitting resistance
Cma = mesh alignment factor
Cmc = lead correction factor
Cmf = face load distribution factor
Cmt = transverse load distribution factor
C0 = overlap coefficient
cp = elastic coefficient, (MPa)1/2
Cpf = pinion proportion factor
Cpm = pinion proportion modifier
Cr = reliability factor for pitting resistance
Cs = size factor for pitting resistance
Ct = temperature factor for pitting resistance
Cu = bottom clearance coefficient
Cv = dynamic factor for pitting resistance
Cw = tip (top land) width coefficient
(iv)
Cx = contact height factor
Qch = contact height factor for LCR gears
c v = helical overlap factor
D = operating pitch diameter of wheel, mm
d = operating pitch diameter of pinion, mm
E = modulus of elasticity, MPa
F = net facewidth of narrowest member, mm
FRAC = fractional portion
fp = surface finish of pinion, rms
H = Dolan and Broghamer factor H
HB = Brinell hardness
HRC = Rockwell "C" Hardness Number
h = radial distance from the critical section to the intersection of load line with the centreline of the tooth, mm
ha = addendum of the counterpart rack, mm
hb = dedendum of the counterpart rack, mm
he = height of the stress parabola derived from the virtual tooth profile, mm
[he] = reference height of the stress parabola
heo = height of the stress parabola, mm, for a value of X  = X 0
I = pitting resistance geometry factor
[I] = reference pitting resistance geometry factor
INT = integer portion
inv = involute function: inv ((|)c) = tan (c|)c) - <|>c
J = bending strength geometry factor
[J] = reference bending strength geometry factor
k a = application factor
Ka = application factor for bending strength
Kf = stress correction factor
(V)
KHoc = transverse load factor for contact stress
KHp = longitudinal load factor for contact stress
Kl = life factor for bending strength
Km = load distribution factor for bending strength
Kr = reliability factor for bending strength
Ks = size factor for bending strength
Kt = temperature factor for bending strength
Kv = dynamic factor for bending strength or dynamic factor
Kv = helix angle factor
k = total cutter profile shift, mm
Ki = geometrical factor of the basic rack, mm
k 2 = geometrical constant of the basic rack, mm
k 3 = constant of integration
k 4 = angle of obliquity factor
k 5 = first approximation of obliquity factor, rad
k 6 = first iteration of obliquity factor, rad
k 7 = second iteration of obliquity factor, rad
Kg = angle of rotation of gear blank, rad
k 9 = geometrical constant of the stress parabola
L = Dolan and Broghamer factor L
Lmin = minimum length of lines of contact, mm
M = Dolan and Broghamer factor M
Mi = reference pitting resistance geometry factor multiplier
M j = reference bending strength geometry factor multiplier
Mhe = reference parabola height multiplier
Mie = reference parabola width multiplier
mp = face contact ratio
(vi)
mo = gear ratio (always >1.0)
mN = load sharing ratio
mn = normal metric module, mm
mp = transverse contact ratio
N = number of teeth or number of load cycles
n = rotational speed, rpm, or limiting number of lines of contact
Pac = allowable transmitted power for pitting resistance, kW
Pat = allowable transmitted power for bending strength, kW
Pb = BS 436: Part 1 strength rating, kW
Pc = BS 436: Part 1 wear rating, kW
Pa = surface durability rating, kW
P = normal pitch, mm
Pa = axial pitch, mm
Pb = transverse base pitch, mm
Pbn = normal base pitch, mm
PN = normal base pitch, mm _
Qv = transmission accuracy level number .
R = operating pitch radius of wheel, mm
Rp = radius to top of the tooth fillet, mm
P o = tip radius of wheel, mm
Rom = maximum allowable tip radius of wheel, mm
r = operating pitch radius of pinion, mm
rr = edge radius of the cutting tool, mm
if = minimum root fillet radius, mm
io = tip radius of pinion, mm
rom = maximum allowable tip radius of pinion, mm
Ir = root radius of the pinion, mm
(vii)
s = bearing span, mm, or slide to roll ratio
Sb = bending stress factor, MPa
Sc = surface stress factor, MPa
SHmin = safety factor for contact stress
Si = pinion offset, mm
Sac = allowable contact stress number, MPa
sat = allowable bending stress number, MPa
t = tooth thickness at the critical section, mm
te = width of the stress parabola derived from the virtual tooth profile, mm
[tel = reference width of the stress parabola
teo = width of the stress parabola, mm, for a value of X  = Xq
to = normal chordal tooth thickness at the top land, mm
tot = transverse arc tooth thickness at the top land, mm
tst = transverse reference arc tooth thickness, mm
u = radial distance from tooth layout, mm
Vr . = rolling velocity, m/s
Vs = sliding velocity, m/s
vt = pitch line velocity at operating pitch diameter, m/s
w d = incremental dynamic load, N
Wn = normal tooth reaction, N
Wt = transmitted tangential load, N
x b = strength speed factor
Xc = wear speed factor
X = addendum modification coefficient with no backlash
Y = tooth form factor or strength factor
Yf = tooth form factor for bending stress





























helix angle factor for bending stress 
contact ratio factor
length of line of action in the transverse plane, mm, or zone factor
length of the recess path, mm
length of the approach path, mm
length from pitch point to stress point, mm
distance from pitch point to stress point for LCR gears, mm
elasticity factor for contact stress, MPa
zone factor for Hertzian at pitch point for contact stress
lubricant factor for contact stress
life factor for contact stress
roughness factor for contact stress
work hardening factor for contact stress
size factor for contact stress
equivalent length of line of action for LCR gears, mm
speed factor for contact stress
helix angle factor for contact stress
contact ratio factor for contact stress
angle between tooth tip and base circle, degrees
radial tooth truncation applied to the wheel, mm
radial tooth truncation applied to the pinion, mm
slide to roll ratio
accuracy constant
angle between tooth centreline and stress tangent, degrees 
an arbitrary choice of X, degrees 
the revised value of X, degrees 
Poisson's Ratio
(ix)
= endurance limit, MPa
<t>L = load angle at HPSTC, degrees
<I>LN = load angle at tooth tip, degrees
= normal profile angle of equivalent rack cutter, degrees
= normal operating pressure angle, degrees
$0 = tip transverse pressure angle, degrees
= transverse pressure angle at standard diameter, degrees
= operating transverse pressure angle, degrees
¥ = helix angle at operating pitch diameter, degrees
Vb = base helix angle, degrees
Vo = tip helix angle, degrees
Vs = helix angle at standard pitch diameter, degrees
= projected transverse half tip angle, rad




b = base diameter
e = equivalent (virtual)
o = outside diameter
s reference
(X)
IN T R O D U C TIO N
The American Gear Manufacturers Association Standard, AGMA 218.01 Dec. 1982, 





Cs Cm Cf Ca
d sac Cl Ch 
. CpCTCR
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where Pac = allowable transmitted power for pitting resistance, kW,
and
Pat
np d Kv j sat Kl
----------------------------------- L,  -----------------  -----------------
1.91 x 107 Ka Ks Km KRKT
where Pat = allowable transmitted power for bending strength, kW.
Thus the power capacities for strength and wear of both the pinion and wheel can be 
determined, the allowable power capacity for the combination being the lowest of the four 
values. These equations tend to become "checking" equations for gears already in 
service. In their present form they do not lend themselves to the design of new gears.
The work described in this Thesis is based on the author's fifteen year continuous 
involvement in gear design in heavy industry. One of the basic aims of this Thesis is to 
take most of the "guesswork" out of the procedures for the design of spur and helical 
gears by the development of computer software. This aim has been satisfied by the 
production of software for the rating and/or design of spur and helical gears to AGMA
218.01 which is the basis of the current Australian Standard, AS 2938 June 1987.
SECTION 1
THE LAMBDA METHOD - A METHOD FOR THE DETERMINATION 
OF THE HEIGHT AND WIDTH OF THE LEWIS PARABOLA
- 1 -
1.1 Introduction
Since 1893, when W Lewis (1) published the concept of 
inscribing a parabola within a gear tooth to analyse the 
bending stress, various graphical and analytical methods have 
been proposed to determine the height and width of the Lewis 
equal strength parabola.
In addressing the problem of determining the height and width 
of the parabola, two schools of thought exist; namely, that of 
a draftsman’s layout such as detailed in AGMA 226.01 (2) or an 
analytical method.
For a gear set where teeth numbers, addendum modifications and 
cutter details are known, the state of the art regarding gear 
tooth bending strength analysis is such that the precision of a 
geometry factor taken from a draftsman’s layout can compare 
favourably with the precision with which many of the variables 
in the power rating equation are determined.
However, in looking at the broader problem of designing a set 
of gears for a known application, many permutations of teeth 
numbers, modules, pressure angles, helix angles, addendum 
modifications, centre distances and materials are possible.
Many of these combinations would require different tooth 
profile layouts for the subsequent calculation of the power 
rating. In this situation, a computer program in combination 
with a suitable algorithm, would ideally lend itself to the 
determination of the most suitable combination, if the 
calculation of the strength geometry factory were analytical.
Appreciating that several authors, including Errichello (3) 
have presented an analytical method for the determination of 
the strength geometry factor, this treatise presents an 
analytical method which yields the AGMA 218.01 (4) strength 
geometry factor to an order of accuracy commensurate with a 
draftsman’s layout without the need for iteration. However, if 
a more accurate answer is required, one iteration will yield a 
strength geometry factor correct to three decimal places.
2
This rapid convergence has been achieved by a judicious choice 
of the dependent variable in the iteration. This choice has 
also overcome the problem of non-convergence that has been 
known to arise in similar analytical methods for very large 
teeth numbers and/or severely modified teeth. This 
non-convergence has been a result of the Lewis parabola being 
"mathematically inverted", ie, opening upwards rather than 
downwards.
Should a national gear rating code other than AGMA 218.01 be 
used, the relevant equations for the calculation of the height 
and width of the Lewis equal strength parabola can be isolated 
and then incorporated into the pertinent strength geometry 
factor of the national code being utilised.
The method is readily adaptable to computerisation. A listing 
of the computer program developed for calculating strength 
geometry factors may be found in Appendix A.
3
FIGURE 1-1 - COMPUTER SIMULATION OF TOOTH LAYOUT
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1.2 Equivalence of Parabola and Equal Line Segments Approaches
Prior to the determination of the strength geometry factor, J, 
the form factor, Y, is calculated from the dimensions of the 
Lewis parabola.
As its name suggests, the form factor is a function of the 
tooth geometry and therefore, information regarding, the tooth 
shape is necessary for its calculation. In AGMA 218.01, Y is 
calculated by the following formula:
The AGMA method for the calculation of Y requires that the 
tooth dimensions t and u, be obtained from a layout of the 
actual (normal) tooth profile, the tooth profile having been 
obtained via a manual generation process. Figure 1.1 shows a 
computer simulation of this generation process, whilst Figure
1.2 shows the resulting tooth profile.
Referring to Figure 1.2, the tooth dimensions t and u are 
derived from a construction whereby the line ce is drawn such 
that cd = de and is tangent to the fillet portion of the tooth. 
The line bb (which contains point d) is drawn perpendicular to 
the tooth centre-line through point f. The load line aa is 
found by drawing a line through point f, tangential to the base 
circle.
In the method that has been developed, a slightly different, 
but mathematically identical pair of dimensions are used to 
represent the tooth shape. These dimensions, (h and t on 
Figure 1.3), are found from the height and width of an inverted 
parabola which has its apex at f and is tangential to the 
fillet portion of the tooth.
cos(<J> )n
Y (1 .1)
cos(4>^) (1.5/ u Ch - tan(4>^)/t)
(assuming unit normal module)
5
FIGURE 1-3 - LAMBDA METHOD TOOTH DIMENSIONS
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The following proof will show the existence of a direct 
relationship between the two pairs of tooth dimensions.
The general form of the equation of a parabola which has its 




With reference to the parabola on the x - y system of Figure 
1.3,
h = a (t/2)2 
. *. a = 4h/t2 
At point e, then,
dy/dx = 2(4h/t2(t/2)) 
ie, dy/dx = 4h/t
.'. 0 = atan(4h/t)l
Now, the angle cem is equal to 0^ (alternate angles).
In triangle cme,
tan(0 ) = (z + h)/(t/2) = dy/dx = 4h/tl
. ’ . z = h
But, triangles cfd and cme are similar,
.*. cf/fm = cd/de = 1 
from which cd = de
ie, the equal line segment approach and parabolic approach are 
equivalent methods for finding point e.
7
Now triangles fme and emn are similar.
.*. fm/me = em/mn 
from which ran = em2/fm
Substituting mn = u, em = t/2 and fm = h results in,
u = t2/4h (1 .6)
By combining equations (1.1) and (1.6), the following alternate 
expression for the tooth form factor can be derived.
K , 2  , . t cos(<b ) n
Y = -----------------------------
cos(4> ) [6 h/C. - t tan(<t> )] l n L
By using the virtual number of teeth principle, 




c o s (4>t) [6 h /C, - t tan(4>T)] L e h e L
(1.7)
where the dimensions t 
tooth profile.
e and he are derived from the virtual
8
FIGURE V A  - RACK CUTTER CONSTANTS
FIGURE 1-5 - TIP RADIUS LOCATION
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1.3 Rack Cutter Constants
Before embarking on the derivation of the Lambda Method, it is 
advantageous to define certain rack dimensions which are 
constant in the mathematical analysis.
Consider Figures 1.4 and 1.5. By inspection,
K = h - r - k* (1.8)l a T
h = a + a + a a i 2 3
a = r sin(ò )2 1 C
a = r_ (1 - sin(4> ) )3 1 C
a + a = h  - r (1 - sin(<b )) x 2 a T c
a = (a + a ) tan(ò )
4  1 2  c
a = (h - r (1 - sin(<t> ) ) ) tan(<j> ) 4 a T c c
as = rT cos(4>c)
K = 0.25-rr + a + a2 4 5
K = 0.25ir  + (h  - r  (1 - sin(4> )))tan(<i) ) + r  cos(4> ) 
2 a T c c T c
K = 0.25-ir + h tan((|> ) + r (1 - sin(<|> ))/cos(4> ) (1.9)
2 a c T c c
* Note: Here k represents the total cutter profile shift, ie, 
inclusive of backlash, B .
k = x - 0.5 B /tan(<t> ) N c





FIGURE 1 .6  - LOAD ANGLE AT TOOTH TIP
Load Ansie Calculation
Prior to the derivation of the Lambda Method, the equations for 
the calculation of <b , the load angle, are established.L*
It can be seen from Figures 1.2 and 1.3, that the load angle,
4> , has a direct effect on the magnitudes of h and t. InL»
AGMA 218.01 two basic philosophies are used to calculate 6 .Li
These are:
1. Tooth tip loading, and
2. Highest point of single tooth contact loading (HPSTC).
Tooth tip loading is assumed for inaccurate spur gears and 
conventional helical gears and HPSTC loading is assumed for 
accurate spur gears and low contact ratio (LCR) helical gears. 
In AGMA 218.01 the procedure for finding <f> is a graphical
La
one, so it became necessary to investigate the use of 
analytical techniques for determining <b in the gear designLi
package program.
Referring to Figure 1.6, and recognising that an involute may 
be represented by the locus of any fixed point on a taut string 
which is being unwound from a stationary circle, then
ED = arc EC
ED = r, tan(<b ) be c
arc EC = r, (4> + A<b )be c c
rbe tan(V  = rbe(<t>c + 4V
ie, A<b = tan(d) ) - d> c c c
As the quantity (tan(c}> ) - <J> ), figures prominently inc c
many calculations concerned with the geometry of involute gear
teeth, it is universally known as the involute function of the
angle <J> , ie, c




ï -P b = Z -p b AT HPSTC
FIGURE 1-7 • LOAD ANGLE AT HPSTC
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Now, cos Q = r. /r * be oe
= 0.5 N cos(<t> )/re c oe
Q = cos 1(0.5 N cos(4> )/r )e c oe
From the definition of an involute,
AB = arc AC
( 1 . 11)
le,
r, tan(Q) = r, 0 be be
.'. 0 = tan(Q) (1.12)
Further, the arc tooth thickness at the reference pitch circle 
diameter (PCD) is,
t = 0.5 ir + 2k tan(4) ) s c
By inspection of Figure 1.6
<$>_ = 0 - 4> - A<|>L c
= tan(ft) - t /N - inv(4> ) s e c
ie, <|>T = tan(fi) - (0.5 ir + 2k tan(<|> ))/N - inv(<f> ) (1.13)L c e c
where Q is defined by equation (1.11).
The derivation of the load angle at the HPSTC is shown in 
Figure 1.7. When the point of contact C, on the path of contact, 
is rotated about point 0, to intersect the tooth profile, the 
angle <b , calculated for tip contact, is reduced by A<b .
L» L*
From the definition of an involute, if the line FGH is wound 
around the base circle, then the arc distance JK will be equal to 
y.p^. Further, if the line ABL is wound around the base 
circle, then BL will coincide with JK. From this observation the 
arc length AF equals the arc length JK.
14
Now Acb = Length of arc/radius
Li
= y.p. /(0.5 N cos(<j> )) b e c
By definition, the base pitch is
p, = tr cos (d> ) b c
. ’ . Acb = 2ir y/N (1.14)Li 0
In particular, the load point chosen by AGMA for accurate spur 
gears is the HPSTC, which occurs when y is equal to the 
transverse contact ratio less one.
By definition, the transverse contact ratio is,
m = length of the contact path/base pitch
P - z/h
■'-y = z/pb - l (1.15)
Substituting equation (1.15) into equation (1.14) gives
2ir Z ]
A4>l = — 1
Ne .ir cos(4>c) .
2ir Z - ir cos(4>c) i
;
Ne . ir cos(cj>c) j
ie, Acb = 2  (Z - ir cos(4> ))/(N cos(4> )) (1.16)L c e c
The complete sequence for the calculation of the load angles is 
given in Section 1.9.
15
FIGURE 1-8 - DERIVATION OF THE LAMBDA METHOD
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1.5 Tooth Form Factor Calculation (Lambda Method)
The derivation of the Lambda Method will be illustrated by­
means of Figure 1.8 which shows a rack meshing with a gear. 
From the initial cutter position, assume the rack is moved to 
the left while the gear rotates counter-clockwise through an
angle K . Assuming unit normal module, then, the linear 
8
displacement of the rack is 0.5 Kq (N^ = virtual number
of teeth). In this position, a line drawn through point P and
mutually normal to the tooth root fillet and the cutter tip
radius (point ”e ” on Figure 1.8) forms an angle X with a o o
line drawn perpendicular to the centreline of the tooth.
By inspection,
K = ir/2 - X - K (1.17)
7 0 8
K tan(K ) + K1 7  2
K = ---------------  (1.18)
8
0.5 Ne
K = K /cos(K ) + rm (1.19)9 1 7 T
Letting = 0.5 Ne/K1 and combining equations (1.17) 
and (1.18) results in
tan(K )/K + K = ir/2 - X - 2K /N (1.20)
7 3 7  o 2 e
The above equation may be solved for angle by Newton’s 
Method, ie,
iterate:
x. = x. - f (x. ) /f ’ (x. )l+i i l i
until x.l+i x.1 < s
( 1 . 21)
where 5; = accuracy constant
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The first ’’guess" for the Newton’s Method routine may be 
obtained from equation (1.21), by letting
K = ir/2 - \ - 2K /N4 o 2 e
and assuming
tan(K ) = K7 7
Then K /K + K = K7 3 7 4
from which the first "guess" is,
K = K K /(K + 1)7 3 4 3
Now f(x) = tan(K )/K + K - K (1.22)7 3 7 4
.*. f’(x) = sec2(K )/K + 1 (1.23)7 3
Therefore, the Newton’s Method iteration scheme to solve 
equation (1.20) is
tan(K .) + K (K . - K )71 3 71 4
K .7 1 + 1 K .71
sec2(K .) + K71 3
(1.24)
until K .
7 1 + 1 K .71 < 5
The distances fm and e m on Figure 1.8 can now be determined, o o o
fm = h = h  + h + h o eo 1 2 3
h = 0.5 N (cos(<j> )/cos(<|> ) - 1) X 6 C L
18
h = 0.5 N (1 - cos(K ))
2 e 8
h = (K sec(K ) + r )  sin(X ) = K sin(X )3 1 7 T  0 9 o
h = 0.5 N (cos(«f> )/cos(4>r) - cos(K )) + K sin(X ) (1.25)eo e c L 8 9 o
e m = t /2 = 0.5 N sin(K ) - K cos(X ) o o eo e 8 9 o
t = N sin(K ) - 2 K cos(X ) (1.26)eo e 8 9 0
The above pair of equations can be used to find the distances
e m and fm for a particular value of X . The problem still o o o o
remains, however, in finding the value of X which allows ao
parabola to be fitted such that its apex is at f while being 
tangential to the root fillet radius - this being the premise by 
which the critically stressed section of the tooth is found. The 
highly transcendental nature of equations (1.25) and (1.26), 
however, prohibits an exact solution. In response to this problem, 
an iterative procedure based on the method of direct iteration was 
formulated and will now be presented.
Assume that for a particular set of gearing parameters h^,
<t> , r , N and <j> an arbitary choice of X, ie, X = X hasC 1 6 L  O
resulted in h = h and t = t and some point e = e on e eo e eo o
the tooth fillet. If now a parabola with its apex at f and 
passing through eQ is drawn, then its equation with respect 
to the x-y system on Figure 1.8 is
y = (4 h /t2 )x2 (1.27)eo eo
Now the angle 0 is equal to the inverse tangent of the i
derivative of equation (1.27) with respect to x, evaluated at











A line drawn tangent to the parabola (ie, at angle 0^ to 
the x axis) and intersecting the centre-line of the tooth at 
produces the revised value of lambda, X^, ie,
X. = 90 - atan(4h /t )l eo eo
Re-arranging the above equation gives
atan(4h /t ) = 90 - Xeo eo i
from which
4h /t = tan(90 - X ) eo eo i
= sin(90° - X )/cos(90° - X )l l
= cos(X )/sin(X )l l
ie, X = atan(0.25 t /h ) l eo eo (1.29)
In general, the above equations may be represented by the 
following function symbolisation:
h = h (X ) eo e o
t = t (X ) eo e o
(equation (1.25))
(equation (1.26))





F(X ) = atan(0.25 t (X )/h (X )) (1.30)o e o e o
. ’. X = F(X )1 o





X. = F(X.)i+i l
X. - X.l+i l < 5
£ = accuracy constant
(1.31)
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1.6 Proof of Convergence of Lambda Method
For the iteration scheme depicted by equation (1.31) to be 
complete, the convergence ability of the procedure must be 
demonstrated. To this end, a proof was developed which allows 
the convergence ability to be assessed.
In mathematical parlance, the iteration scheme described by 
equation (1.31) is referred to as "Direct Iteration", ie,
x. = F(x.) (1.32)l+i i
Now suppose the true solution is x*, where
x* = F(x*) (1.33)
Subtracting equation (1.33) from equation (1.32) results in
x. - x* = F(x.) - F(x*) i+i l
Now the condition for convergence is,
îe,
X .  -  X * < X .  -  X *1 + 1 1
F(x^) - F(x*)
F(xi) - F(x*)
X .  -  X *  1
X .  -  X '  1
< 1
assuming x* = x^ + Ax
le,
F(x. + Ax) - F(x.)l l
Ax
< 1
F*(xt) < 1 as Ax -> 0 (1.34)
where F* is the derivative of F with respect to x
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F(X) =
Equation (1.34) is the general form for the proof of 
convergence of a direct iteration scheme. This criterion 
convergence will now be applied to the iteration scheme 
described by equation (1.31).
Recalling equation (1.30) and letting X = X giveso
F(X) = atan(0.25 t (X)/h (X))e e
Substituting for t and h^ in the above by using 
equations (1.25) and (1.26) gives
f 0.25 [N sin(K ) - 2 K cos(X)]e 8 9
atan } ------------------------------------------------
l 0.5 N [cos(4> )/cos(<b) - cos(K )] + K sin(X)e C L 8 9
For convenience in the differentiation let
u = 0.25 [N sin(K ) - 2K cos(X)] e 8 9
v = 0.5N [cos(<J> )/cos(<b) - cos(K )]+ K sin(X) e c L 8 9
and w = u/v
ie, F(X) = atan(w)
dF(X) 1
Now ----- = -------









dX 1 + w2 dX
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By the quotient rule,
dw d(u/v) vdu/dX - udv/dX
dX dX v2
.*. dF(X) vdu/dX - udv/dX
dX v 2 + u 2
Recalling equation (1.36),
(1.38)
u = 0.25 [N sin(K ) - 2 K cos(X)] e 8 9
where K = f(X) and K = f(\) and in general when8 9
y = f[u(x)] y* = f’(u).u’(x)
y = u(x)v(x) y ’ = u ’v + uv'
then,
du dKa dK9
—  = 0.25 [Ne cos(K8) --- + 2 K9 sin(X) - 2 cos(X) ---] (1.39)
dX dX dX
Similarly, recalling equation (1.37),
v = 0.5 N [cos((J> )/cos(4>_) - cos(K )] + K sin(X) e c L 8 9
For a particular gear tooth, 6 is a constant for helical
Li
gears (ie, tip loading), but will vary for spur gears, depending 
on the number of teeth in the mating gear (ie, HPSTC loading). 
However, prior to the calculation of the parabola dimensions,
6 is predetermined for a spur gear tooth, being independentL













From equation (1.20) and an arbitrary choice of \ = \ ,o
\ =  0 . 5 i r  -  2  K / N  - K - tan(K )/K
2 e  7 7 3
(1.41)
ie, \ = f ( N  , K  , K  , K  )
e  2 3 7
where K 3 = 0 . 5  N  / K  e  l
K
l
= h - r - k a T (1.8)
K
2
= 0.25-ir + h^ tan(4>c) + r^ (1 -  sini^^) )/cos(4>c) (1.9)
•'•*• = fOl . f <t> . k, N , K )d i C  G 7
But f (h , r , <t> ) = f(cutter)a i C
For an ISO 53 cutter, which has been chosen in this analysis because 
of its acceptance by the Standards Association of Australia as the 
standard cutter in AS 2938 (5),f(cutter) = constant.
ie, \ = f(k, N , K ) (1.42)e 7
where k represents the total cutter profile shift, ie, inclusive of 
backlash, B^.
Consider K :-------------- 7
From equation (1.20),
y = tan(K )/K + K = 0.5ir - X - 2K /N7 3 7 2 e
dKy dK? dy
d\ dy d\
dy sec2(K?) sec2(K7) + K3





.•. dK7 - Ka
dX sec2(K7) + K3
dK?
ie, --- = f(ha , rT , k, Ne , K ?)
dX
dK7




From equation (1.17) and an arbitrary choice of X = Xo
K = 0.5ir - X - K8 7
From equation (1.42),
K = f(k, N , K ) 8 e 7
dK8 dK7
ie, --- = - 1 - ---
dX dX
From equation (1.44), 




K = K sec(K ) + r,9 1 7
From equation (1.8), K = f(h , r_, k)i a T
K = f(k, K ) as f(h , r_) = f(cutter) = a constant (1 
9 7 a T
dK9 dK9 dK7









--- = Kx tan(K7) sec(K7) --- (1.49)
dX dX
From equations (1.8) and (1.44)
dK9
--- = f(k, Ne , K7) as Kx = f(ha , rT , k) (1.50)
dX
Recalling equation (1.36),
u = 0.25 [N sin(K ) - 2 K cos(X)] e 8 9
From equations (1.45), (1.48) and (1.42)
u = f(k, N , K ) (1.51)e 7
Similarly, recalling equation (1.37),
v = 0.5 N [cos(4> )/cos(<b ) - cos(K ) ] + K sin(X)
e C L 8 9
From equations (1.45), (1.48) and (1.42),
v = f(4>l , k, Ne , K ?) (1.52)
Recalling equation (1.39),
du dKa dK9
—  = 0.25 [Np cos(Kft) --- + 2 Ka sin(X) - 2 cos(X) ---]
d\ d\ d\
From equations (1.45), (1.47), (1.48), (1.42) and (1.50), 
du
—  = f(k, Ne , K7) (1.53)
d\
Similarly, recalling equation (1.40),
dv dKa dK9
—  = 0.5 Ne sin(Ka) --- + K9 cos(k) + sin(X) ---
d\ dX dX
27
. * . dv—  = f(k, Ne , K?) (1.54)
dX
From equation (1.38),
dF(X) vdu/dX - udv/dX
dX v2 + u2
and from equations (1.51) to (1.54) inclusive, it can be seen that 
dF(X)
----- = f(<t>L , k, Ne , K7) . f(cutter) (1.55)
dX
In order to examine the convergence of equation (1.38) as defined by­
equation (1.55), when applied to an ISO 53 (6̂ ) cutter, a computer 
programme was written, independent of gear design, to encompass four
nested DO-LOOPS of the variables K , k, N and d>T .
7 e L
From Figure 1.8, it can be seen that can only vary from 0 to
0.5ir radians. However, in order to examine the essence of the 
function, was varied from - 0.5ir to + 0.5ir, in increments 
of 0.01, constituting 317 loops.
Backlash was set at zero, and hence the addendum modification 
coefficient, x, was utilised in lieu of k, which was varied from - 0.5 
to + 1.0, in increments of 0.1. These limits were set to correspond 
to the conventional range of ISO/TR 446 7(7̂ ), and constituted 16 loops.
The virtual number of teeth, N^, was set as a sixty element array as 
follows:
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 24 , 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 , 54,
56, 58, 60, 65, 70, 75, 80, 85, 90, 95, 100,, 105 9 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 300, 400, 





























- 1 0 0
-300
- 1 0 0 0
-3000
Second Iteration of Obliquity Factor K 7
FIGURE 1.9 --CONVERGENCE OF THE LAMBDA METHOD WITHIN THE LIMITS OF IS0/TR4467
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The load angle, <J> , was varied from 0.0 to 1.0 radians inLi
increments of 0.1, representing 11 loops.
Hence the total number of combinations generated was 317x16x60x11 or 
3,347,520 of which 180,669 were non-convergent. The maximum and 
minimum values of dF(\)/d\ were recorded for a particular value of 
. These values are tabulated in APPENDIX B, and are plotted in 
red on Figure 1.9, whilst the yellow bandwidth indicates the finite
dF(\)/d\ was lessrange of the 3,166,851 examples where the 
than one; ie, for which the function converged. Further, the highly 
transcendental nature of equation (1.38) is clearly demonstrated.
The problem now remained to examine combinations of the variables 
, k, and <J>L when applied to ’’real gears”, where a ’’real 
gear” was defined as any gear that could be cut, no matter how 
incongruous the final tooth shape may have been. In keeping with this 
criterion, the following tests were applied to the relevant sections 
of the program:
i. The conventional addendum modification coefficient limits of 
Clause 3.4.2 of ISO/TR 4467-1982(E) were applied. This is in 
agreement with the tenet of AS2938-1987. However, it is 
appreciated that gears with addendum modification coefficients 
outside of this range, may be subjected to analysis by the 
application of the Lambda Method. This possibility is the 
subject of further discussion in Section 9.2 - Suggestions for 
Further Study.
ii. Utilising an ISO 53 cutter, and for a particular combination of
, k and N& , then from equation (1.41) there is a unique
value of lambda X ,o
X = 0.5ir - 2K /N - K - tan(K )/K (1.41a)0 2 e 7 7 3
where K = f (cutter)
• 2
K = f (N , K )
3 e i
K = f (cutter, k)1
From Figure 1.8 it can be seen that X must be within the rangeo




(max.) (max.) / ̂
FIGURE M O  - MAXIMUM PARABOLA DIMENSIONS
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iii. From Figure 1.10, it can be seen that for a particular combination
of K , k, N and <b , there is a unique value of \
7 e L o
as defined by equation (1.41a) and a unique value of h . . .e(max)
Now OB “ rbe SSC(V (1.56)
and OA = r cos(ir/N ) (1.57)re e
• * • \(max) -= r. sec(4>_) - r cos(ir/N ) be L re e (1.58)
For the particular combination of K , k, N and d> , the
7 e L
value of h is calculated from equation (1.25). eo
I f h  > h . . or h <0.0, then h could be rejected,eo e(max) eo ~ eo
Similarly, t , = 4 h x tan(\ )e(max) e(max) o (1.59)
The value of t was calculated from equation (1.26). eo
I f t  > t . . or t <0.0 then t could be rejected.
When the three tests were applied to the original programme, the
number of combinations was reduced from 3,347,520 to 804,776. The
first test rejected 75,446 combinations which were outside the
conventional limits of ISO/TR 4467, whilst the second test
rejected 122,17 7 combinations where 0.5ir < \ <0.0.— o —
A further 399,073 combinations were rejected where t > t , ...eo e(max)
Lastly, 130 combinations were rejected where h <0.0. Hence,eo —
207,950 combinations were accepted, all of which converged.
The maximum and minimum values of dF(k)/d\ were recorded for a 
particular value of K^. These values are tabulated in APPENDIX B, 
and are plotted in green on Figure 1.9, indicating that any gear 
manufactured with an ISO 53 cutter, and having addendum modifications 
within the conventional limits of ISO/TR 4467, will converge, when 
analysed by the Lambda Method.
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FIGURE 1 • 11 - PROTUBERANCE HOB
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1.7 Interpretation of the Lambda Method
Prior to the development of any analytical method, one must 
define the cutter by a series of equations. This then poses the 
problem of cutters with tip relief and protuberance.
Referring to Figure 1.6, tip relief causes the load line to 
move towards the centre-line of the tooth and hence raises the 
point f, the apex of the parabola. However, a rigorous 
mathematical investigation of this phenomenon within the limits 
of recommended tip relief for standard cutters, led the author 
to the conclusion that the effect of tip relief on the parabola 
dimensions could be neglected.
Protuberance has a dramatic effect on the shape of the trochoid 
and consequently cannot be neglected. However, the problem is 
to mathematically define protuberance. One approach which has 
been used in previous analytical methods (8) is shown in Figure 
1.11.
Here it has been assumed that the protuberance is tangential to 
the outside diameter of the cutter, circular and offset by some 
specified amount. The blending of the circular protuberance 
into the flank of the cutter is assumed not to influence the 
shape of the trochoid. Whilst this approach can be defined 
mathematically, it assumes that the final tooth shape will not 
change after grinding.
It is the author’s experience that the shape of the 
protuberance varies greatly, and is usually an ”in house” 
design based on the manufacturer's gear grinding facilities. In 
fact, the tendency internationally is to head in the direction 
of protuberance hobs, which after gear grinding, produce a 
tooth profile as if it had been bobbed with a standard cutter, 
thus removing the undercut usually associated with the use of 
protuberance hobs.
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FIGURE 1 - 12 -  MATHEMATICAL PARABOl AS
35
Due to the ’’carte blanche” approach to the design of 
protuberance hobs, the author believes that the inclusion of 
protuberance hobs in a generalised analytical method for the 
determination of the parabola dimensions could lead to 
potential problems.
For gears cut with protuberance hobs, the author suggests that 
a CAD tooth profile be drawn, utilising the actual shape of the 
protuberance hob employed, and then modified to account for the 
grinding.
However, should it be concluded that the protuberance profile 
as identified in Figure 1.11 is acceptable, then this 
definition of protuberance can be incorporated into the 
analytical method as follows.
Referring to Section 1.3, Rack Cutter Constants, equation (1.9)
defines the horizontal distance, K , of the centre of the
2
rack tip radius from the centre-line of the rack. If this 
distance is reduced by the ’’offset” of the protuberance as 
defined in Figure 1.11 then the analytical method presented in 
Section 1.5 is still applicable to protuberance hobs.
The highly transcendental nature of the analytical method as
shown in Figure 1.9, can be elucidated if the mathematics
involved in the determination of the Lewis parabola are
isolated from gear design and redefined as follows: "Two
circles of radius r are drawn such that their centres areT
equidistant from a point P. Draw a parabola that is tangential 
to the circles and has its apex at point P”.
As the equations of the circle and parabola are both functions 
of squared terms, a fourth order equation is generated, 
yielding four possible solutions. This phenomenon is shown 
diagrammatically in Figure 1.12, which lends itself to the logo 
shown on the flyleaf.
Section 1.6 has shown that the absolute value of the dependent
variable lambda, , when returned to the iteration
procedure will always converge and, at the same time, select 
the correct parabola.
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FIGURE 1-13 - LEWIS PARABOLAS
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However, having proved the convergence of the mathematical 
iteration, it still remains to define convergence when applied 
to the Lewis parabola as utilised in gear design. For gears 
with large tooth numbers, and/or severely modified (approaching 
all addendum) teeth, it may not be possible to inscribe a 
parabola that is tangent to the root fillet. This phenomenon is 
best explained by way of an example. Consider the calculation 
of the strength geometry factor of a rack with tip loading. The 
analysis of a rack has the advantage that all parabola 
dimensions can be calculated from analytical geometry.
An ISO 53 unit module spur rack is shown in Figure 1.13, with
three possible interpretations of the convergence of the Lewis
parabola. Firstly, if it is assumed that point 1 (the
intersection point of the trochoidal fillet curve and the tooth
involute), is the correct interpretation, then t = 2.29871ei
and h = 1.84658. Secondly, if point 2 (the point of
tangency of the parabola and the continuation of the trochoidal
fillet), is the correct interpretation, then t = 2.28748&2
and h = 1.82996. However, it will be observed that the 
e.2
parabolas passing through points 1 and 2, pass outside the tooth 
profile, and hence a third interpretation that the parabola must 
be inscribed within the tooth profile is presented, yielding 
t = 1.90903 and h = 1.31125. It is of interest toe3 e3
note that the subsequent calculations of the AGMA 218.01
strength geometry factors are respectively J = 0.3173,i
J = 0.3169 and J = 0.3009.2 3
The author suggests that due to the nature of the calculation of
the stress concentration factor at the root fillet in AGMA
218.01, then point 2 is the correct interpretation of the
convergence of the Lewis parabola. However, should it be decided
that point 1 is the correct interpretation, then the radius to
the top of the trochoid, R , can be accurately calculated fromF
Buckingham (9̂ ) . The chordal height and thickness can be 
calculated for any radius on the involute and hence the parabola 
width equals the chordal thickness, the chordal height being 
modified to account for the difference between the outside radius 
of the gear and the apex of the parabola. If it is concluded that 
point 3 is the point of convergence of the Lewis parabola, then a 
series of equations such as those presented will be inapplicable.
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However, a computer program for protuberance hobs such as that 
developed by Davey and Wilkinson (10) will locate point 3.
The equations presented in this Thesis yield the parabola 
height and width as defined by point 2. They have been tested 
with lxlO10 wheel teeth to yield the parabola dimensions of 
Figure 1.13, which were calculated from analytical geometry.
Prior to the acceptance of any analytical method for the 
determination of strength geometry factors, the problems of a 
mathematical definition of protuberance and the correct 
interpretation of the convergence of the Lewis parabola must be 
resolved.
The author believes that protuberance cannot be satisfactorily 
defined to encompass all forms of protuberance and the 
subsequent modification to the tooth profile as a result of 
grinding or shaving. The shape of the final tooth profile is 
significant, as can be demonstrated by the effect that the 
inclusion of backlash has in the calculation of the strength 
geometry factor. In fact, the inclusion of backlash has a 
greater effect on the numerical value of the strength geometry 
factor than does several steps of iteration.
The validity of the debate as to whether point 1 or point 2 of 
Figure 1.13, is the correct interpretation of the convergence 
of the Lewis parabola is somewhat academic as the effect on the 
strength geometry factor is relatively insignificant. However, 
any analytical method should yield the correct values for the 
parabola dimensions. Once the point of convergence is resolved, 
the analytical method presented can accommodate either 
interpretation.
The simplicity, coupled with the degree of accuracy and the 
ability to accommodate LCR helical gears, has led the Standards 
Association of Australia to adopt the analytical method 
described in this Thesis as the approved method for the 
calculation of geometry factors in the Australian Standard for 
Gear Rating AS 2938, which is based on AGMA 218.01.
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FIGURE 1 - U -  LIMITING NUMBER OF LINES OF CONTACT
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1.8 Length of the Lines of Contact
Prior to the procedual steps for the calculation of the 
geometry factors of AGMA 218.01, an equation is derived, for 
the minimum length of the lines of contact for helical gears.
The analysis of the length of the lines of contact for helical 
gears is achieved by an examination of the contact zone, this 
being the projection of the contact path over the facewidth of 
the gear.
The following equation is presented as an alternative to 
Section 6.2.6 of AGMA 218.01.
Referring to Figure 1.14, assume that the teeth are so placed 
that one line of contact, of zero length, passes through point 
T. The limiting number of lines of contact, n, then equals the 
length of the line TX, normal to the lines of contact, divided 
by the normal base pitch, truncated to the next lowest integer 
value.
From A TYU
TY = F sin(UT, ) b
From A UVW 
UW = Z cosOf^) 
and XY = UW
.*. TX = F sin( )  + Z cos(ipb) (1.60)
From A TOQ 
TO = TQ cos(1jJb)
pbn = pb cos(V (1.61)
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From equations (1.60) and (1.61),
ie,
n INT








TP = TQ/tan(I|Ib) 
pa = Pb/tan(fb)








By definition, the face contact ratio, m , is equal to theF
facewidth divided by the axial pitch.
nip = F/Pa (1.65)
Similarly, the transverse contact ratio, m^, is equal to the 
length of the line of contact, divided by the base pitch.
m = Z/p (1.66)
r
From equations (1.64), (1.65) and (1.66),
n = INT (nip + m ) P (1.67)
Having established the limiting number of the lines of contact,
the problem remains to calculate the total length of these
lines, L . , contained within the rectangle bounded by the m m
facewidth, F, and the length of the line of contact, Z.
bl
V C  F H K S N R
FIGURE 1-15 - MINIMUM LENGTHS OF LINES OF CONTACT
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Referring to Figure 1.15, the total length of the lines AC, DF, 
GH, JK, LN and PR is
L = n Z / sin(ipb) (1.68)
In order to calculate the total length of the lines contained 
with the rectangle, the lengths of the lines AB, DE, MN and QR 
must he subtracted from L.
Now SQ = Z - pb
.'. QR = (Z - pb)/sin(IjJb) (1.69)
Similarly, SM = Z - 2 b
MN = (Z - 2 pb)/sin(I|Jb) (1.70)
This procedure would continue until no contact lines project 
beyond the boundary ST, ie, until the value of Z/pb is 
truncated to the next lowest integer. Thus,
Limit = [Z - INT(Z/pb) pfe]/sin(fb) (1.71)
Consider the calculation of the length of the line DE.
The length of the line AT is equal to an integer multiple of 
the axial pitch p , where the integer is equal to the
cL
limiting number of lines of contact n.
. ’ • AT = n p (1.72)
a
From equation (1.65), the facewidth, F, can also be expressed
as a function of p .a
F = mF pa (1.73)
From equations (1.72) and (1.73),
AU = (n - nip) pa (1.74)
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Now the numerical value of n - m̂ , will contain an integer
portion and a fractional portion. As AD is an integer of the
axial pitch, then the length DU must correspond to the
fractional portion of n - m .F
ie, DU = FRAC(n - m ) p (1.75)F a
. . DE = FRAC(n - m̂ ,) p /cos(l|J ) (1.76)
Similarly, AU is equal to the fractional portion of n - m ,F
plus one axial pitch.
AU = [FRAC(n - mp) +1 ] pa (1.77)
.'. AB = [FRAC(n - mp) +1 ] p /cos(1|J ) (1.78)
This procedure would continue until no contact lines project 
beyond the boundary UV, ie, until the integer value of n - mF
is reached.
Thus Limit = [FRAC(n - mp) + INT(n - m̂ ,) ] p^/cos^) (1.79)
It should be noted that if m > n, then no lines of contactF
project beyond the boundary UV, and hence n - m̂ , is set equal 
to zero.
Now combining equations (1.68), (1.69), (1.70), (1.71), (1.76),
(1.78) and (1.79) to obtain a general equation for the minimum
length of the lines of contact, and letting C = n - m ino F
combination with rearranging equation (1.63) to:
Pa/cos(T|Jb) = pb/sin(Ifb) gives
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FIGURE 1-16 - VARIATION OF Cn AS A FUNCTION OF FACE
WIDTH
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^nin ~ n  ̂ - Z - p ^ - Z  - 2pb ....... - Z - INT(mp)pb
sin(ipb) sin(Ipb) sin(Ipb) sin(Ipb)
-  FRAC(C0 )pb -  [ FRAC(Cq) + 1  ]pb
sin(fb) sin(fb)
............ -  [ FRAC(C0) + INT(C0) ]pb
sin(ipb)
Lmin = cosec< V  { n Z - Z + pb - Z + 2pb .....  - Z + INT(mp)pb
-  pb [ FRAC(Cq) + FRAC(Cq) + 1  .. + FRAC(Cq) + INT(Co) ] }
INT(mp) y—l
ie’ Lmin = cosec(I{Jb) { n Z - INT(mp) Z + pb [ \ k ]
k=l ,
INT(C0) y— \
-  pb [ INT(C0  + 1 ) .FRAC(C0) + \  k ] }
k=l ^— |
From equation (1.66)
L . = p cosec (Ip ) { m [n - INT(m )] - INT(C + 1).FRAC(C )m m  b b p  p o o
INT(mp) y— i INT(C0) y— |
+ \ k - \ k } (1.80)
k=l i k=l j
Consider INT(mp) - INT(C0)
Referring to Figure 1.16, it can be seen that when the
facewidth is equal to F ,i
INT(m ) - INT(C ) = 1p i  0 1
kl
D
FIGURE 1-17 - VARIATION IN THE NUMBER OF INTERSECTING
LINES
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Similarly, when the facewidth is equal to F ,2
INT(m ) - INT(C ) = 0
P  2 0  2
This observation can be expressed in the axiom, "the number of 
equally spaced parallel lines drawn through a rectangle, are so 
distributed that the number of lines intersecting two parallel 
sides of the rectangle, differs by a maximum of one".
To prove the axiom, consider Figure 1.17. The maximum number of 
lines n, that intersect the side B isi
ni = INT [ (B ̂ - a) sin(I(J)/p)] + 1 (1.81)
Similarly,
n^ = INT [ (B^ - b) sin(l(J/p)] + 1 (1.82)
Combining equations (1.81) and (1.82) and noting that Bi
equals B^ for a rectangle gives
ni - n 2 = INT r B^ sin(lfJ) - a sin(IjJ) ] - INTf B sin(Ijf) - b sin Op  1
1 2  i 1 p p i  1 1 p p J
Now, 0 < a < p and 0 < b < p
sin(IjJ) sin(IjJ)
0 < a sin(y) < 1 and 0 < b sin(y) < 1
P P
Hence, the maximum absolute difference between
a sin(Ip) and b sin(IjJ) is 1 
P P












k = 1 + 2 + ... + INT(C0) + I NT (nip)
-  1 -  2 -  ------  -  INT(C0 )
= INT(nip) if INT(irtp) > INT(CQ)
= 0 if INT(itip) = INT(C0 )
k = INT(mp) [IN T (nip)-IN T (C 0 ) ] ( 1 .8 3 )
From equations (1.80) and (1.83)
Lffl. = { m [ n - INT(m ) ] - INT(C + 1) FRAC(C )min D p  p o o
+ INT(mp) [ INT(m ) - INT(Cq) ]}/ sinOji^) (1.84)
Now INT(C + 1) = INT(C ) + 1 o o
INT( C + 1 ) . FRAC( C ) = INT(C ).FRAC(C ) + FRAC(C ) o o o o o
= INT(C ).FRAC(C ) + C -INT(C ) (1.85)O 0 0 0
Similarly,
INT(m ) [ INT(m ) - m ] = - INT(m ).FRAC(m ) (1.86)p P P P p
From equations (1.84), (1.85) and (1.86),
Lmin = Pb [ V  - Co.~ INT(mp).FRAC(mp)
- INT(Co){lNT(mp) + FRAC(Cq) - l}]/sin(fb) (1.87)
The complete sequence for the calculation of the minimum 
length of the lines of contact is given in Section 1.9.
50
1•9 Procedural Steps for the Calculation of the Geometry Factors of 
AGMA 218.01 using the Lambda Method
This Section sets out mathematical procedures for calculating 
the value of the geometry factors for both surface durability 
I, and beam strength J. Any straight sided basic rack without 
protuberance and any combination of addendum modification 
coefficients, topping and backlash allowance can be treated.
The procedure is capable of adaption for use on computers 
(refer to Appendix A) or programmable calculators.
Note: 1. Where possible, symbols agreeing with AGMA 112.04 (11)and
AGMA 218.01 have been selected. Some quantities which 
have to be calculated have no specific symbols in either 
AGMA Code, and for these, symbols of the general type 
favoured by AGMA 112.04 have been utilised and defined 
throughout the text.
2. It is assumed that the following quantities are known:
Np = Number of pinion teeth.
N = Number of wheel teeth.G
4>c = Normal profile angle of the equivalent standard 
rack cutter.
m = Standard normal metric module, n
Ips = Helix angle at standard pitch diameter.
Xp = Addendum modification coefficient of pinion with 
zero backlash.
x = Addendum modification coefficient of wheel withCat
zero backlash.
F = Net facewidth of the narrowest member.
B^p = Backlash applied to the pinion in the normal 
plane.
B = Backlash applied to the wheel in the normal plane.
ArQ = Radial tooth topping applied to the pinion.
ARq = Radial tooth topping applied to the wheel.
r^ = Edge radius of the cutting tool.
h = Standard addendum of the basic rack, a
h. = Standard dedendum of the basic rack, b
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FIGURE 1 . 4 A -  BASIC CUTTING TOOL DEFINITIONS
3. Normal tip relief has a negligible effect on the final 
calculated value of "J".
4. Normal backlash has a significant effect on the final 
calculated value of "J".
5. L . has a significant effect on the final calculatedm m
value of "J". 678
6. The calculation is applicable to external spur, LCR and
conventional helical gears provided only that N^ is
never considered to be greater than N . For internalG
gearing refer to AGMA 218.01.
7. All angular calculations are in radians.
8. For examples of calculation refer to APPENDIX C.
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The following 32 steps are required to calculate I and J.
1. Calculate the transverse pressure angle at standard 
diameter <J>s
<J>s = tan 1(tan(4>c)/cos(^Js))
Note: For spur gears = <j>̂





2 tan(4> ) (x„ c P
<t> - [tan(4> )s s
<t>* - [tan(4>' ) 
<t>” - [tan(4>”)
+ xq) / (Np + NJ + inv(4>s)
- <t> - inv(<b ) ]/tan2(d> )s t s
- 4>* - inv(4>t) ]/tan2((j)’)
- <J>" - inv(4>t) J/tan2^")
Note:
a. If Xp + xG = 0 then 4>t = <|>s
b. inv(4>) = tan(<t>) - <$>
3. Calculate the operating centre distance C
C = 0.5 m (N + N ) sec(y ) cos(<j> ) sec(4> ) n P G s s t
4. Calculate the base radii r and Rb b
r, = 0.5 N m sec(U ) cos(<t> ) b P n Ts s
R, = r N / N_ b b G P
5. Calculate the operating pitch radii r and R
r = Np C/(Np + Ng) 
R = C - r
6. Calculate the tip radii r ando
r o = mn(0• 5 Np sec(^Js) + Xp) +

















Calculate the face contact ratio
nip = F sin(ys)/(ir mn)
For spur gears m = 0 F
If nip < 1 and l|Js 4 0 then the gears are classified as 
low contact ratio (LCR) helical gears
If nip > 1 and ijĵ ^ 0 then the gears are classified as 
conventional helical gears
For herringbone and double helical gears F is the width of 
one helix only
It is suggested that where possible, should be
greater than 1.0 if W ^ 0. ie. F > ir m / sin(¥ )Ts ' n Ts
Calculate the length of the approach and recess paths 
and Z& respectively,
Zb = [Ro - ^ ]°‘5 - [r2 -
Zo = [r - r. ] - [r - r, ]a o b b
Calculate the length of the line of action in the transverse 
plane Z
Z = Z. + Z b a
Calculate the distance along the line of action from the 
pitch point to the point of stress calculation Z
a. For spurs and LCR helicals with m^ < 1.0
Z = ir m sec(ip ) cos(d> ) - Z c n Ts s a
b. For conventional helical gears with > 1.0
Z = [r2 - r2]°*5 - [0.25 (C - R + r )2 - r2]°*5 c b o o b
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11. Calculate the contact height factor Cx
C = (sin(4> ) - Z / r)(sin(<J>,) + Z / R)/sin2(4>̂ ) x t c t c t
Note:
For spurs and LCR helicals is calculated from step 10a.
For conventional helical gears Z is calculated from step 10b.c
12. For LCR helical Rears only with 0 < m̂ , < 1.0 calculate
the contact height factor C ,xh
Cxh = - zch 7 r)(sin(<i>t) + Z ^  / R) / sin2(<j>t)
where
2,0.5 [0.25 (C - R + r )2 - r*] o o b
13. Calculate the base helix angle 1|Ĵ
yb = tan 1(tan(l]Js) cos(<t>s)) = sin ^sinOfO cos(<tO)
For spur gears IjJ = 0 f b
14. Calculate the helical factor C
a . For spurs and conventional helical gears with
ny = 0 or > 1.0
C. 1.0
b. For LCR helical gears with 0 < m <1.0F ~
CV = [1-° - “f ^xh Z "V ' (Cx F
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c15. Calculate the curvature factor C
C = 0.5 N cos (A) sin(<|) ) / (N + N ) c t t P G
16. Calculate the minimum length of the lines of contact Lm m
a. For spur gears L . = Fm m
b. For LCR helical gears, the load sharing ratio is
considered in the C . factor, and hence L . isxh m m
considered to be equal to F
c. For conventional helical gears the following 
calculations are necesary:
Calculate the transverse base pitch pb
p. = ir m sec(y ) cos(d> ) b n >s
Calculate the transverse contact ratio
nip = Z / P]
Calculate the limiting number of lines of contact n
n = INT (m + m )P F
Calculate the overlap coefficient Ci










If %  > n then C0 = 0
Pb fmpn - CQ - INT(mp)F(mp) - INT(C0){lNT(mp) + F(C0) - 1}]
sinOfb)
INT(X) is the truncated integer portion of X and F(X) = X - INT(X) 
Calculate the load sharing ratio m̂ .
m_T = F / L .N m m
Note: For spur and LCR helical gears = 1.0
Calculate the pitting resistance geometry factor I
I = C C C /x >  V " h
Calculate the helix angle at the operating pitch diameter IjJ
IjJ = tan [2 r sin(U )/(N_ m )]Ts P n
Note: For spur gears, IjJ = 0
Calculate the operating normal pressure angle 4>n
-l4>n = tan [tan(<i>t) cos(^J)]
Note: For spur gears, <J> = òn t
Calculate the virtual spur gear dimensions
Nep = Np / cos3 (IjJ)
N = N N / N eG eP G P
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r = m (0.5 N + x ) + h. - Ar oe n eP P 1) o
R ^ = m (0.5 N _ + x„) + h, - AR oe n eG G b o
Note:
For spur gears, N = N ; N = N ; r = r ; RoP P eG G oe o oe
= Ro









= cos 1(0.5 N m cos(<b )/r )eP n Yc oe
= cos-1 (0.5 N m cos(d> )/R )eG n ^c oe
= tan (ftp) - (0.5ir + 2 xp tan(4>c)
/m )/N - inv(d> )n eP ^c
= tan (ft ) - (0.5ir + 2 x^ tan((j> ) u G c
/m )/N - inv(d> )n eG ^c
For inaccurate spur gears and conventional helical gears
^LP ^LNP 
^LG = *LNG
d. For accurate spur gears
^LP = ‘•’lnp “  2 (Z /m n -  *  cos(<(>c ) ) / ( N p co s (+ c ) )
^LG = ‘’LNG " 2(Z/mn " * COS< V > /0*G cos(<*>c>>
e. For LCR helicals the following calculations are necessary. 
Calculate the equivalent base radii rfee and R^e
r, = 0.5 N m cos(d> ) be eP n ^c
R. = r N / Noe be G P
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Calculate the equivalent operating pitch radii r and R■ e <e
r^ = r / cos2(I[I)
P
Calculate the equivalent length of the line of action in the 
normal plane Zne
Z
♦lP = '»LHP - 2(Zne 7 mn " « )7(NeP cos(*c))
^LG = ^LNG "  2 (Zne '  mn "  *  co s< V ) / ( N eG c o s C ^ ) )
For inaccurate spur gears and conventional helical gears the load 
angle is calculated at the tip. For accurate spur gears and LCR 
helicals the load angle is calculated at the highest point of 
single tooth contact (HPSTC).
If the gears are manufactured using an ISO 53 cutter, and have
addendum modifications within the conventional limits of
ISO/TR4467, approximate values of t and h can be obtainede e
from charts in Section 2.
If exact values of tg and hg are required, or the gears are 
manufactured using an alternative cutter to ISO 53, values of te
and h^ are calculated from steps 23 to 27 inclusive.
23. Set the initial value of \
For accurate spur gears and LCR helical gears X = <J>c
For inaccurate spur gears and conventional helical gears 
\ = 0.75 4>c
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24. Calculate the constants K , K and K1 2  3
\  = <ha - rT)/mn - x + 0.5 BN / (mn tan(4>c))
If K =0.0, calculate K which then equals K .1 4 ^ 7
K = 0.25 ir + [h tan(<J> ) + r (sec($ ) - tan(<J> ))]/m 
2 a c T c c n
K = 0.5 N /K 
3 e i
25. Calculate the variables K , K , K , K , K and K4 5 6 7 8 9
K = 0 . 5 i r - X - 2 K / N  
4 2 e
K = K K /(K + 1.0)5 3 4 3
K = K - (tan(K ) + K K - K K )/(sec2(K ) + K )6 5  5 5 3 4 3  5 3
K = K - (tan(K ) + K K - K K )/(sec2(K ) + K )7 6  6 6 3 4 3  6 3
K = 0.5 1T - X - K8 7
K = r_/m + K sec(K ) 9 T n i 7
26. Calculate the inscribed parabola dimensions t and he e
t = m [N sin K - 2 K cos(X)] e n e 8 9
h = m {0.5 N [cos(<f> ) sec (6) - cos(K )] + K sin(X)} e n e c L 8 9
27. Calculate the revised value for X
X* = tan 1(0.25 t /h )e e
If the new value of X* varies from the original value 
of X by more than 0.05 radians, re-enter the 
calculation at step 25 with the new value of X’ 
substituted for the old value of X. If the variation is 
less than 0.05 radians proceed to step 28.
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28. Calculate the helical factor C,h
a. F*or spur and LCR helical gears C, =1.0h
b. For conventional helical gears with > 1
Ci) == {tan 1[tan(I(J) sinC^) ] }1.8/ir
ch ■
Note:
= 1/[1.0 - (to - Co2)0’5]
If full buttressing exists, the value of C, may beh
increased by 10 percent. Refer to AGMA 218.01 Clause 6.3.2.3
29. Calculate the helix angle factor K
¥
a . For spur and LCR helical gears with m^ < 1.0
V = 1.0
b . For conventional helical gears with m >1.0F
V = cos(I(J) cosily)
30. Calculate the tooth form factor Y
Y = Ky fce cos(<|> )/{m cos(<t>)[6h /Q - t tan(4>T ) ]} n n L e h  e L
31. To obtain 
following
the stress correction factor K^, the 
calculations are necessary:
Calculate the operating dedenda b and bP G
b „ = r + h  - m [x_ + 0.5 N_ sec (II )] P a n P P Ys
b_ = R + h - m [x_ + 0.5 sec (Iff )] G a n G G Ts
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Calculate the minimum root fillet radii r_„ and v rfP fG
rfT3 = ~ rm) /(0.5 m N + b - r ) + rfP P T n eP P T T
rfG ■ (bG - rT)2/(0-5 m„ NeG + bG - V  + r:
Calculate the Dolan and Broghamer (12)factors H, L and M
H = 0.34 - 1.44 d> /irn
L = H - 0.03
M = 0.25 + 1.80 4> /irn
K. = H + [t / r,]L tt / h ]Mf e f e e
Note:
For gears not manufactured by a hob or racked shaped cutter, 
refer to AGMA 218.01 Clause 6.3.2.1 for the calculation of 
rf.
32. Calculate the strength geometry factor J
J = Y CT / ( K m )XjJ f N
These procedural steps have been converted to a FORTRAN 77 
program which is listed in Appendix A.
SECTION 2
CHARTING THE LAMBDA METHOD
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FIGURE 2-1 - THE ISO 53 GENERATING RACK
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2.1 Introduction
When considering the power capacity of a gear pair based on 
strength, the majority of national gear codes including the 
American Standard AGMA 218.01 (-4) require the determination of 
the height and width of the Lewis equal strength parabola. From 
these two dimensions, the geometry factor for bending strength 
can be determined.
If, for the particular design being considered, design charts 
or tabulated data are not available, then the calculation of 
the geometry factor for bending strength may necessitate a 
layout of the tooth profile. For the AGMA system, details of 
the tooth layout procedure are given in AGMA 226.01 (2).
The accuracy of the tooth layout procedure is very dependent on 
the skill of the draftsman. Also, it is unwieldly in practice 
when very large radii must be drawn. For a particular cutter, 
six charts can be prepared which eliminate the need to draw a 
tooth profile.
The charts in this Section give the approximate height and 
width of the Lewis equal strength parabola for gear teeth cut 
with an ISO 53(6) cutter (Figure 2.1), and have been produced 
utilising the Lambda Method described in Section 1 in 
combination with various subroutines.
The charts are restricted to addendum modification coefficients 
within the conventional limits of ISO/TR 4467 (]_). Each chart 
has been produced using unit normal module and incorporates 
backlash of 0.024mm per unit module applied to both the pinion 
and the wheel in the normal plane.
The charts may be categorised as those applicable to 
conventional helical gears and those applicable to spur gears 
and low contact ratio helical gears, based on the criteria of 
AGMA 218.01.
Examples of the use of the design charts are included and the 
results obtained compared with those calculated using the 
Lambda Method.
ADDENDUM MODIFICATION COEFFICIENT (x)
2.1
FIG. 2-2 ISO 53 REFERENCE PARABOLA HEIGHTS FOR CONVENTIONAL HELICAL GEARS
REFERENCE HEIGHT OF THE STRESS PARABOLA {[he])
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2.2 Conventional Helical Gears
Conventional helical gears by definition have a face contact 
ratio greater than 1.0. Figures 2.2 and 2.3 give reference 
parabola heights and widths respectively for conventional 
helical gears. The word "reference” is used to indicate that 
the parabola dimensions plotted in Figures 2.2 and 2.3 are for 
gears of unit normal module. The actual parabola dimensions are 
obtained by multiplying the "reference" dimensions by the 
actual normal module of the gear being considered.
Figures 2.2 and 2.3 have been obtained by using computer 
graphics. Unlike existing methods involving the use of graphs 
for determining geometry factors for bending strength, these 
two design charts can be used for any helix angle and addendum 
modification co-efficient within the conventional limits of 
ISO/TR 4467.
ADDENDUM MODIFICATION COEFFICIENT (x)
FIG. 2-3 ISO 53 REFERENCE PARABOLA WIDTHS FOR CONVENTIONAL HELICAL GEARS
REFERENCE W
IDTH OF THE STRESS PARABOLA ([fe])
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2.3 Spur Gears and LCR Helical Gears
Accurate spur gears are assumed to develop the most critical 
stress when the load is applied at the highest point of the 
tooth where a single pair of teeth is carrying all the load. 
Helical gears with a face contact ratio of less than or equal 
to 1.0 are classified as low contact ratio helical gears and 
are assumed to be loaded in the same way as spur gears.
Figures 2.4 and 2.5 give reference parabola heights and 
multipliers respectively for spur gears and low contact ratio 
helical gears. Similarly, Figures 2.6 and 2.7 give reference 
parabola widths and multipliers respectively for spur gears and 
low contact ratio helical gears.
For each of these two types of gears, the word "reference" is 
used to indicate two things. Firstly, as in the case of 
conventional helical gears, the parabola dimensions plotted are 
for gears of unit normal module. Secondly, Figures 2.4 and 2.6 
are applicable to a unique addendum modification coefficient 
and hence other addendum modification coefficients must be 
referenced back to this datum. The actual parabola dimensions 
are obtained by multiplying the "reference" dimensions by the 
actual normal module of the gear being considered and the 
appropriate multiplier.
Previous design charts, such as Figure 2 of AGMA 226.01, 
highlight the difficulty of plotting geometry factors for 
bending strength for spur gears. This difficulty arises from 
the variation in load angle as a function of the number of 
teeth in the mating gear and is further compounded by 
variations in addendum modification coefficients. These 
problems are resolved by the use of the following charts as 
they encompass all possible load angles and a large spectrum of 
addendum modification coefficients.
REFERENCE HEIGHT OF THE STRESS PARABOLA {[he])
FIG. 2-4 ISO 53 REFERENCE PARABOLA HEIGHTS FOR SPUR AND LCR HELICAL GEARS
LOAD ANGLE AT HPSTC (0L), degrees
REFERENCE PARABOLA HEIGHT MUL1TPLIER (Mhe)
NUMBER OF EQUIVALENT TEETH (Nc)
FIG. 2-5 ISO 53 REFERENCE PARABOLA HEIGHT MULTIPLIERS FOR SPUR AND LCR HELICAL GEARS
ADDENDUM MODIFICATION COEFFICIENT (x)
REFERENCE WIDTH OF THE STRESS PARABOLA ([/e])
FIG. 2-6 ISO 53 REFERENCE PARABOLA WIDTHS FOR SPUR AND LCR HELICAL GEARS
LOAD ANGLE AT HPSTC (oL), degrees
















FIG. 2-7 ISO 53 REFERENCE PARABOLA WIDTH MULTIPLIERS FOR SPUR AND LCR HELICAL GEARS
ADDENDUM MODIFICATION COEFFICIENT (x)
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2.4 Examples Of The Use Of The Design Charts
The first example is that of an accurate external spur gear set 
manufactured with an ISO 53 cutter.
Description Symbol Pinion Wheel
Number of teeth N , N P G 19 168
Add.mod.coeff V  XG 0.4000 0.6389
Backlash, mm b n p ’ b ng 0.3668 0.9628
Topping, mm Ar , AR 0 0 0.0 2.0
Module, mm mn 20.0 20.0
Facewidth, mm F 147 147
For an ISO 53 cutter, d> = 20° and h, = rac b n
The following steps calculate the pinion stress parabola 
dimensions. From the equations given previously in Section 1.4, 
or in ASME Paper 84-DET-182 (13̂ ), the load angle for the pinion 
is calculated to be 24.3°.
[h ] = 1.095 (Figure 2.4) eP
\ e P  = 0,965 <FiSure 2.5)
h = 1.095 x 0.965 x 20 = 21.134mm eP
[t „] = 2.078 (Figure 2.6) eP
Mtep = 1.018 (Figure 2.7)
t „ = 2.078 x 1.018 x 20 = 42.308mm eP
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FIG. 2-8 SPUR PINION PARABOLA
FIG. 2-9 SPUR WHEEL PARABOLA
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Similarly, from the equations given previously, the load angle 
for the wheel is calculated to be 21.3°.
[h^] = 1.450 (Figure 2.4)
M^eG = 0.795 (Figure 2.5)
heG = 1.450 x 0.795 x 20 = 23.055mm
[t ] = 2 '275 (Figure 2.6)
MteG = 1 '028 (Figure 2.7)
t = 2.275 x 1.028 x 20 = 46.774mm0Vj
The dimensions calculated using the Lambda Method and 
superimposed on a CAD plot are shown in Figures 2.8 and 2.9.
The second example is a set of conventional external helical 
gears cut with an ISO 53 cutter.
Description Symbol Pinion Wheel
Number of teeth N , N P G 23 84
*
Add. mod.coeff V XG 0.2900 0.1342
Helix angle, DMS Vs 16°37’58" 16°37,58"
Backlash, mm B , B NP’ NG 0.1815 0.2791
Topping, mm Ar , AR 0 0
oo oo
Normal module, mm mn 0
0 o 00 o
Facewidth, mm F 180 180
For an ISO 53 cutter, d> = 20° and h, = mc b n
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FIG. 2• 10 CONVENTIONAL HELICAL PINION PARABOLA
FIG. 2-11 CONVENTIONAL HELICAL WHEEL PARABOLA
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From the equations given previously in Section 1.9, the 
equivalent number of pinion teeth is calculated to be 26.2.
Note: AGMA 218.01 calculates the equivalent number of teeth 
based on the helix angle at the operating pitch diameter as 
opposed to earlier publications which were based on the helix 
angle at the standard pitch diameter.
[hep] = 1.850 (Figure 2.2)
h = 1.850 x 8 = 14.800mm eP
[teP] = 2 *035 (figure 2.3)
t B = 2.035 x 8 = 16.280mm eP
From the equations given previously, the equivalent number of 
wheel teeth is calculated to be 95.7.
[h ] = 1.830 (Figure 2.2) eG
h = 1.830 x 8 = 14.640 mm eG
[t ] = 2 *175 (FiSure 2.3)
t _ = 2.175 x 8 = 17.400 mm eG
The dimensions calculated using the Lambda Method and 
superimposed on a CAD plot are shown in Figures 2.10 and 2.11.
The third example is that of a LCR helical gear set manufactured 
with an ISO 53 cutter.
The conventional helical gear set analysed previously is 
accurately hobbed to form a double helical gear, the central 
tool clearance gap between each helix being 20mm, thus reducing 
the net facewidth to 80mm, such that m^ = 0.9111.
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FIG. 2-12 LCR HELICAL PINION PARABOLA
FIG. 2-13 LCR HELICAL WHEEL PARABOLA
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From the equations given previously, the load angle for the 
pinion is calculated to be 21.1° while the equivalent number 
of pinion teeth is 26.2.
[h ] = 0.913 eP (Figure 2.4)
“heP = 1'055 (Figure 2.5)
h _ = 0.913 eP x 1.055 x 8 = 7.706 mm
[tep] = 2.175 (Figure 2.6)
“teP = °'983 (Figure 2.7)
tep =2.175 x 0.983 x 8 = 17.104mm
From the equations given previously, the load angle for the 
wheel is calculated to be 20.5° while the equivalent number of
wheel teeth is 95,.7.
[heG] =0.925 (Figure 2.4)
“heG = 1 '240 (Figure 2.5)
heG =0.925 x 1.240 x 8 = 9.176mm
[t 1 = 2.319 eG (Figure 2.6)
M, „ = 0.965 teG (Figure 2.7)
t „ = 2.319 eG x 0.965 x 8 = 17.903mm
The dimensions calculated using the Lambda Method and 
superimposed on a CAD plot are shown in Figures 2.12 and 2.13
SECTION 3
CHARTING BENDING STRENGTH GEOMETRY FACTORS
Introduction
There are many gear applications which do not necessitate an 
optimisation of the design and as such a simple method to rate 
the gears would be advantageous.
One of the most difficult variables to calculate in the rating 
of gears is that of the bending strength geometry factor, J. 
Whilst AGMA 218.01(4^) Clause 6.3 details the procedure for the 
calculation of J, and Figures B1 to BIO inclusive have charted 
values of J for several different cutters, there are no charts 
for the geometry factor for bending strength for gears 
operating at extended centre distances. Further, AGMA 218.01 
has, understandably, no charts for an ISO 53(6) cutter.
The Standards Assocation of Australia realised the need to have 
J factor charts for an ISO 53 cutter, when AGMA 218.01 was 
adopted as the Australian Standard, in combination with the 
recommendation to use an ISO 53 cutter as the preferred 
standard cutter.
In response to a request from the Standard Association of 
Australia, eighteen charts were produced for AS 2938(5), two of 
which are highlighted in this Section.
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3•2 Rationalisation of Variables
Clause 6.3 of AGMA 218.01 gives the equations which are 
necessary for the calculation of the geometry factor for 
bending strength J . An examination of these equations reveals 
that the geometry factor for bending strength is a function of 
the number of teeth in the pinion and wheel, the normal profile 
angle, addendum, dedendum and tip radius of the standard 
counterpart rack, the normal module, the helix angle at the 
standard pitch circle diameter, the addendum modification 
coefficients of the pinion and wheel with zero backlash, the 
net facewidth of the narrowest member, the radial tooth 
truncation and the backlash applied in the normal plane. This 
relationship may be expressed as
J = f(Np , Ng , $ b ’ T ’ mn f. v  F> Ar B )  (3.1) N
The relationship is further compounded, when for inaccurate spur 
gears and conventional helical gears the load is calculated at the 
tooth tip, whilst for accurate spur gears and LCR helicals, the 
load angle is calculated at the highest point of single tooth 
contact (HPSTC).
To enable charts to be developed for the geometry factor for 
bending strength, limits were placed on several of the variables 
in equation (3.1). This rationalisation of the variables is 
summarised as follows:
i. It can be shown that J is independent of the normal module, 
m^. Thus m^ may be eliminated from equation (3.1).
ii. Only full depth teeth (ie, ArQ = 0.0; ARq = 0.0) manufactured
with an ISO 53 cutter are considered. Hence for the series of
charts in AS 2938, = 20°, h^ = 1.25 mm, h^ = 1.0 mm and
r = 0.38 mm .T
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iii. For conventional helical gears, the approximation given by 
equation (6.27) of AGMA 218.01 for the load sharing ratio, 
n^, for a face contact ratio, m^ > 2.0, has been 
adopted. This approximation of m^ = p^/CO.95 Z), 
eliminates facewidth from the calculation of the load 
sharing ratio (refer to Section 1.8) and thus from the 
geometry factor for bending strength.
iv. The addendum modification coefficients of the pinion and 
wheel, x and x , are set as constants for each chart.r (j
v. The backlash in the normal plane, B , is set at a constantN
0.024mm per unit normal module for both the pinion and 
wheel, to provide a total backlash of 0.048mm. This 
technique is in keeping with that adopted by AGMA 218.01.
vi. All gears considered are external helical gears, where N
. Pis never considered to be greater than N .G
vii. All spur gears are considered to be accurate, and hence the 
load angle, 6 , is calculated at the HPSTC.u
viii. All helical gears are considered to have a face contact 
ratio, mF> of 2.0 or greater, and hence the load angle,
4>l , is calculated at the tooth tip.
ix. Low contact ratio (LCR) helical gears are not considered, 
due to the need to eliminate the facewidth, F, from the 
calculations.
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3•3 Development of the J Factor Charts
As a result of the rationalisation of the variables, then for a 
variable number of pinion teeth, N^, and a fixed number of wheel 
teeth, , equation (3.1) may be reduced to that of equation
(3.2).
Jp = V V W  0 . 2 )
A normal intercept chart may be constructed from equation (3.2), 
but this technique has the disadvantage of requiring a large 
number of charts, for varying numbers of wheel teeth and addenda 
modifications.
An examination of the series of charts, in conjunction with those 
in AGMA 218.01, showed that a multiplying chart could be produced, 
thus limiting the number of charts to two for each addendum 
modification, whilst each chart had the ability to accommodate 
varying numbers of wheel teeth.
A statistical analysis has shown, however, that equation (3.2) may 
be approximated with reasonable accuracy, by,
Jp = V V n g = V - V  v w (3.3)
r i =
where Mp(NG ,ys) =
n 7— | Jp(Np( i) ,NG,I(IS)
L i-1 L— | Jp(NP(i),NG = NG *,ÿs) .
/ n (3.4)
Np (i) = number of reference pinion teeth selected
n = number of reference increments
N ' = reference number of wheel teethb
The equations for the charting of the wheel, can be derived by 
considering the wheel as the pinion in the preceding analysis.
NUMBER OF TEETH IN GEAR WHOSE REFERENCE BENDING STRENGTH FACTOR
IS REQUIRED
FIG. 3-1 [ J ]  FOR CONVENTIONAL HELICAL GEARS - ISO 53 CUTTER ( x p = 0 2, xG = 0-2 )
REFERENCE BENDING STRENGTH GEOMETRY FACTOR ([/])
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The mathematical form described lends itself to the development of a dual
chart system for the graphical representation of the geometry factor for
bending strength for accurate spur and conventional helical gears.
The first chart represents J (N_,N_ = N *  ,TO ), whilst the secondr r  G  G 1 S
chart represents These charts have been nominated as the
reference and multiplier charts respectively.
The reference charts were developed in the form of an intercept chart
using computer graphics. The reference number of gear teeth, N wasG
set as 75, being the same reference value, as that adopted by AGMA 218.01. 
An example of a reference chart is given in Figure 3.1.
The multiplier charts were investigated using a computer program which
generated five arrays. These five arrays were; the number of teeth in
the meshing gear varying from 10 to 1000, the helix angle varying from 
o o5 to 45 , the geometry factor for bending strength of the meshing 
gear, when mated with a constant number of gear teeth whose 
multiplication factor was desired, and the corresponding value of the 
multiplication factor. The multiplier chart associated with Figure 3.1 
is shown as Figure 3.2.
To illustrate how the algorithm of equation (3.4) was utilised to produce 
the bending strength geometry factor multiplier, M , the followingJ
analysis indicates the calculations involved in finding the numerical 
value of one co-ordinate of Figure 3.2.
Selecting a reference number of gear teeth of 75, a constant helix angle
of 12° and varying the number of reference teeth in the pinion, N ,P(i)
from 10 to 40, ten values of the reference bending strength geometry 
factor, [J], were calculated and are tabulated in Table 3.1. The 
numerical values of [J] as tabulated in Table 3.1, are the ordinates 
which have been plotted on the 12° abscissa of Figure 3.1. It should 
be noted that the calculated values of [J], assume that for the 
particular pair of gears being analysed, there is no tip to root fillet 
interference. For the 10:75 combination, this is not a valid assumption, 
as the wheel would require radial tooth truncation. However, this point 
has not been included, due to the approximate nature of the graph.
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i ?Ts N / • \ P(l) V [J]
1 12 10 75 0.450
2 12 12 75 0.480
3 12 14 75 0.502
4 12 16 75 0.519
5 12 18 75 0.533
6 12 20 75 0.545
7 12 22 75 0.554
8 12 24 75 0.562
9 12 30 75 0.581
xo 12 40 75 0.601
TABLE 3.1 - REFERENCE BENDING STRENGTH GEOMETRY FACTOR [J]
Consider the same set of calculations, but changing the reference number 
of gear teeth to 40. The new values of J are tabulated in Table 3.2.
i ?r S N„,. . P(i) n g J
1 12 10 40 0.441
2 12 12 40 0.470
3 12 14 . 40 0.492
4 12 16 40 0.508
5 12 18 40 0.521
6 12 20 40 0.532
7 12 22 40 0.541
8 12 24 40 0.549
9 12 30 40 0.566
10
___________
12 40 40 0.585
TABLE 3.2 - BENDING STRENGTH GEOMETRY FACTOR J
SO'l-
86

















































The multiplying factor, M = M (N ,W ) = Mi40,12), canJ P G 1 S P
now be calculated from the ratio The values obtained are
tabulated in Table 3.3.
i J [J] MJ=J/tJ]
1 0.441 0.450 0.9800
2 0.470 0.480 0.9792
3 0.492 0.502 0.9801
4 0.508 0.519 0.9788
5 0.521 0.533 0.9775
6 0.532 0.545 0.9761
7 0.541 0.554 0.9765
8 0.549 0.562 0.9769
9 0.566 0.581 0.9742
10 0.585 0.601 0.9734
l 9.7727
TABLE 3.3 - BENDING STRENGTH GEOMETRY MULTIPLIER M
J
From equation (3.4),
Mj = Mp ( 4 0 , 1 2 )
' 10 
. i=l
Jp ( N p ( i ) , 40,1.2)




This co-ordinate may be found on Figure 3.2.
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3.4 Examples of the Use of the Design Charts
An example is presented to demonstrate the versatility of the J 
factor charts. Further, the results obtained for the geometry 
factor for bending strength for both the pinion and the wheel are 
compared with those calculated using the procedural steps of 
Section 1.9. This comparison demonstrates the high order of 
accuracy which can be achieved using the design charts.
Consider the example of a set of conventional helical gears 
running at an extended centre distance.
Description Pinion Wheel
Number of teeth 40 200
Addendum modification, mm 1.6 1.6
Helix angle, degrees 30.0 30.0
Cutter ISO 53 ISO 53
Backlash, mm 0.192 0.192
Normal module, mm 8.0 8.0
Facewidth, mm 200.0 200.0
i
The following steps calculate Jp and JG using the charts
[J ] = 0.530 (Figure 3.1)P
M = 1.012 (Figure 3.2)J Jr
Jp = 0.530 x 1.012 = 0.536
[j ] = 0.560 (Figure 3.1)
G
M = 0.982 (Figure 3.2)
J  G
J = 0.560 x 0.982 = 0.550 G
SECTION 4
CHARTING PITTING RESISTANCE GEOMETRY FACTORS
Introduction
AGMA 218.01 (4) presents details of a procedure to rate any 
pair of spur or helical gears produced with any cutter and any 
addendum modification. However, many gear designs use a 
standard cutter for which the gear designer usually requires a 
quick method for determining the power rating of the gears.
This can be achieved from AGMA 218.01 by the use of charts, 
with one notable exception, namely that of the geometry factor 
for pitting resistance for helical gears.
This Section presents charts for the geometry factor for 
pitting resistance for conventional helical gears with full 
depth teeth and 20° normal pressure angle. These charts 
complete those which are necessary to enable the conventional 
helical gear pair to be rated.
Clause 6.2 of AGMA 218.01 gives the equations which are 
necessary for the calculation of the geometry factor for 
pitting resistance, I. An examination of these equations 
reveals that the geometry factor for pitting resistance for 
conventional helical gears is a function of the number of teeth 
in the pinion and wheel, the normal profile angle of the 
counterpart rack, the standard normal metric module, the helix 
angle at the standard pitch diameter, the addendum modification 
co-efficient of the pinion and wheel with zero backlash, the 
net facewidth of the narrowest member and the standard dedendum 
of the counterpart rack. This relationship may be expressed as
I = f(Np , Ng , <t.c , mn , fs> xp> xG , F, t y  (4.1)
To enable charts to be developed for the geometry factor for 
pitting resistance for conventional helical gears, limits were 
placed on several of the variables in equation (4.1). This 
rationalisation of the variables is summarised on the following
page.
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i. It can be shown that I is independent of the standard
normal metric module, m . Thus m may be eliminatedn n
from equation (4.1).
ii. Only full depth teeth and a normal profile angle of
. . °  . .20 are considered in the examples presented, ie, 
o= 20 and h^ = 1.0 mm. Charts for stub teeth 
and normal pressure angles other than 20° have been 
developed.
i ü • For conventional helical gears, the approximation given by 
equation (6.27) of AGMA 218.01 for the load sharing ratio, 
m^, for a face contact ratio, m? > 2.0, has 
been adopted. This approximation of m^ = p /(0.95 Z), 
eliminates facewidth from the calculation of the load 
sharing ratio and thus from the geometry factor for 
pitting resistance.
iv. The addendum modification coefficients of the pinion and 
wheel were set as constants for each chart.
v. All gears considered are external helical gears, where 
N is never considered to be greater than.N .r Q
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PITTING RESISTANCE GEOMETRY FACTOR (/)































4•2 Development of the I Factor Charts
As a result of the rationalisation of the variables, then for a 
given gear ratio, m , equation (4.1) becomes,
f(Np , 1JJs , I) = 0 (4.2)
A normal intercept chart may be constructed from equation
(4.2). Figure 4.1 shows one such chart from those produced for 
a series of gear ratios.
An examination of the charts developed showed that for a change 
in gear ratio, there was a minimal change in the curvature of 
the line from chart to chart for a particular number of pinion 
teeth. It was realised that if the movement between 
corresponding lines of pinion teeth for each value of helix 
angle was approximately constant, then a multiplying chart 
could be produced, thus limiting the number of charts to two 
for each addendum modification.
In general, equation (4.2) may be represented by:
1 = I(NP> mG = mV V  M(V  V  V  (4-3)
where m' = a constant G
A major statistical analysis has shown, however, that equation
(4.3) may be approximated by,
I = I(Np , mG = m ’G , yg) M(Np , mG) (4.4)
n+1
where M(Np, iuq) =
K N P, mg, ys )̂
i=l i I(Np , mG = m fG , ysi) j
/ (n+1)
and II . = ijJ , . . + [w . x - W , . , ]. (i - l)/n Tsi rs(mm) Ts(max) ^s(mm)J v *
Each of the variables Vs(m in ) . Vs (max) and n are defined on the 
following page.
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^s(min) = desired helix angle on chart to be generated
^s(max) = maximum desired helix angle on chart to be generated
and n = number of increments between Iff and IfTs(mm) rs(max)
The mathematical form previously described, lends itself to the 
development of a dual chart system for the graphical 
representation of the geometry factor for pitting resistance for 
conventional helical gears. The first chart represents
I N̂p* mG = m *G’ V  and tile second chart represents 
M(Np, m^). These charts have been called the reference and 
multiplier charts respectively.
The reference charts were developed in the form of an intercept 
chart using computer graphics for a constant gear ratio of 
mQ = 2.5. Examples of these reference charts are given in 
Figures 4.2 and 4.4.
The multiplier charts were developed using a computer program 
which generated five arrays. The flow for the computer program is 
given in ASME Paper 84-DET—167(1A). These five arrays were the 
number of pinion teeth varying from 10 to 1,000, the gear ratio 
varying from 1 to 10, the geometry factor for pitting resistance 
at a constant gear ratio of m = 2.5, the geometry factor for 
pitting resistance at other values of gear ratio and the 
corresponding value of the multiplication factor for a given gear 
ratio and number of pinion teeth with the helix angle averaged 
out. The multiplier charts associated with Figures 4.2 and 4.4 
are given as Figures 4.3 and 4.5 respectively.
To illustrate how the above algorithm was utilised to produce the 
pitting geometry factor multiplier, M , the following analysis 
indicates the calculations involved in finding the numerical value 
of one co-ordinate of Figure 4.3.
9 4
Utilising an ISO 53 (6) cutter with no addendum modifications, the
pitting resistance geometry factor, I, can be calculated from the
equations of Section 6.2 of AGMA 218.01 for any combination of
pinion teeth, N , gear ratio, m , and helix angle, IjJ.P G
Selecting a reference gear ratio, m* of 2.5, a constant numberG. . . . oof pinion teeth of 40 and varying the helix angle from 5 to
45°, nine values of the reference pitting resistance geometry
factor, [I], were calculated and are tabulated in Table 4.1.
i m 'G h p Vsi [I]
1 2.5 40 5 0.1946
2 2.5 40 10 0.1948
3 2.5 40 15 0.1953
4 2.5 40 20 0.1959
5 2.5 40 25 0.1965
6 2.5 40 30 0.1970
7 2.5 40 35 0.1972
8 2.5 40 40 0.1969
9 2.5 40 45 0.1960
TABLE 4.1 - REFERENCE PITTING RESISTANCE GEOMETRY FACTOR [I]
Consider the same set of calculations but changing the gear ratio,
m to 5. The calculated values of I are tabulated in Table 4.2.G
i mG n p T S1 I
1 5.0 40 5 0.2307
2 5.0 40 10 0.2309
3 5.0 40 15 0.2313
4 5.0 40 20 0.2318
5 5.0 40 25 0.2322
6 5.0 40 30 0.2324
7 5.0 40 35 0.2323
8 5.0 40 40 0.2314
9
l_---------
5.0 40 45 0.2301
TABLE 4.2 - PITTING RESISTANCE GEOMETRY FACTOR I
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The multiplying factor, M(N , m ) = M(40,5), can now beP G
calculated from the ratio I:[I]. The values obtained are 
tabulated in Table 4.3.
i I [I] *4 = I/[I]
1 0.2307 0.1946 1.1855
2 0.2309 0.1948 1.1853
3 0.2313 0.1953 1.1843
4 0.2318 0.1959 1.1833
5 0.2322 0.1965 1.1817
6 0.2324 0.1970 1.1797
7 0.2323 0.1972 1.1780
8 0.2314 0.1969 1.1752
9 0.2301 0.1960 1.1740 
Z 10.6270
TABLE 4.3 - PITTING RESISTANCE GEOMETRY MULTIPLIER M










This co-ordinate may be found on Figure 4.3.
NUMBER OF TEETH IN PINION (NP)
FIG. 4 -2 (1 ]  FOR CONVENTIONAL HELICAL GEARS - ISO 53 CUTTER ( x p r  0 -0 ,  xQ = 0 0)
REFERENCE PITTING RESISTANCE GEOMETRY FACTOR ([/])
GEAR RATIO {mG)
NUMBER OF TEETH IN PINION (WP)
FIG. 4-3 M: FOR CONVENTIONAL HELICAL GEARS - ISO 53 CUTTER ( xp = 0-0, x G = 0-0)
REFERENCE PITTING RESISTANCE GEOMETRY FACTOR MULIPLIER {Mj)
NUMBER OF TEETH IN PINION (NP)
REFERENCE PITTING RESISTANCE GEOMETRY FACTOR ([/])
GEAR RATIO (mG)
FIG. 4 5 Mj FOR CONVENTIONAL HELICAL GEARS - ISO 53 CUTTER ( x p = 0-2 ,  xG = 0 2 )
FERENCE PITTING RESISTANCE GEOMETRY FACTOR MULTIPLIER (Mi)
100
^ •3 Examples of the Use of the Design Charts
Two examples are presented to demonstrate the versatility of the 
charts.
Further, the results obtained for the geometry factor for pitting 
resistance using the design charts are compared with those 
calculated using the exact mathematical method of AGMA 218.01. 
This comparison demonstrates the high order of accuracy which can 
be achieved using the design charts.
The first example is for a pair of conventional helical gears 
running at standard centres.
Description Pinion Wheel
Number of teeth 40 200
Addendum modification coefficient 0.0 0.0
Helix angle, degrees 30.0 30.0
Cutter ISO 53 ISO 53
Normal module, mm 8.0 8.0
Facewidth, mm 200.0 200.0
The following three steps calculate I using the charts:
[I] = 0,.197 (Figure 4 .2)
MI = 1..180 (Figure 4 .3)
I = 0.,197 X  1.180 := 0.232
The value of I calculated using the approximation for the load 
sharing ratio is I = 0.232, whilst the exact mathematical solution 
yields I = 0.244.
Thus the value of I obtained using the charts represents an error 
of 4.9%, due mainly to the approximation for m_ .
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The second example is for a set of conventional helical gears 
running at extended centres.
Description Pinion Wheel
Number of teeth 40 200
Addendum modification coefficient 0.2 0.2
Helix angle, degrees 30.0 30.0
Cutter ISO 53 ISO 53
Normal module, mm 8.0 8.0
Facewidth, mm 200.0 200.0
The following steps calculate I using the charts:
[I] = 0.199 (Figure 4.4)
M = 1.192 (Figure 4.5)
I = 0.199 x 1.192 = 0.237
The value of I calculated using the approximation for the load 
sharing ratio is I = 0.237, whilst the exact mathematical solution 
yields I = 0.249.
Thus the value of I obtained using the charts represents an error 
of 4.8%, due mainly to the approximation for m. .
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Statistical Analysis of the Design Charts
Equation (4.4) is an approximation and thus a difference exists 
between the value obtained for the geometry factor for pitting 
resistance using the design charts and the exact mathematical 
solution. A comparison between values obtained using equation
(4.4) and the mathematical method (incorporating equation (6.27) 
of AGMA 218.01) was carried out to give percentage difference as:
% difference = t(IEq.(4.4) IactuaX)/Iactual] X 100 (4.5)
This comparison was carried out with the aid of a SAS Institute 
statistical program which compared 96,750 combinations of gear ratio, 
number of pinion teeth and helix angle for varying addendum 
modifications. The results obtained are summarised in Table 4.4.
Combinations tested 96,750
Maximum positive error + 8.2%
Maximum negative error - 5.6%





TABLE 4.4 - COMPARISON OF DESIGN CHARTS AND EXACT
MATHEMATICAL SOLUTION FOR I
SECTION 5
MATHEMATICAL CONUNDRUMS OF AGMA 218.01
Introduction
As a result of analysing AGMA 218.01 (4) for compatibility with 
the new Australian standard for the rating of gears, it became 
necessary to produce a number of computer programs for the 
analysis of geometry factors. In the testing of these programs 
several conundrums were found, two of which are highlighted in 
this Section. However, on the positive side, computer programs 
have been developed to the stage where they produce ’’contour 
plots” of geometry factors, thus enabling a gear designer to 
maximise the power rating of a particular gear set.
In rating a pair of gears to AGMA 218.01, the pitting resistance
2 .power rating, P , is proportional to Id and the bending 
strength power rating, P is proportional to Jd, all other 
variables being constant for a specified application and material 
selection. Hence the conundrum is set to the gear designer of how 
to maximise the geometry factors and hence maximise the power 
rating for a particular pair of gears.
This Section presents the philosophy involved in the correct 
choice of addendum modifications to maximise the geometry factors 
and consequently the power rating of a particular gear set. For 
the example cited, a 25% increase in power rating can be achieved 
by the correct choice of addendum modifications, at no additional 
manufacturing cost.
However, the gear designer should give due consideration to the 
slide to roll ratio, as explained in Section 7.
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5.2 The Calculation of Geometry Factors
The equations for the calculation of the pitting resistance 
geometry factor, I, are detailed in Section 6.2 of AGMA 218.01.
Due to the complexity of the variables involved a computer program 
is justified, and is readily written as all variables are defined 
by equations.
The procedure for the calculation of the bending strength geometry 
factor, J, is detailed in Section 6.3 of AGMA 218.01, requiring a 
generated layout of the tooth profile, which as such, does not 
readily lend itself to computerisation. However, Appendix E of 
AGMA 218.01, offers an apercu of an analytical method for the 
calculation of J as proposed by Errichello (3). This technique 
has been modified by Davey (8) to encompass a reduction in the 
iteration procedure. A computer program has been written 
utilising the Lambda Method to calculate J, a listing of which may 
be found in Appendix A.
From an examination of the large number of variables involved in 
the calculation of I and J, it is not immediately apparent as to 
how to maximise the calculated values. However, in the context of 
this Section, it is assumed that the gear designer has selected 
the number of pinion and wheel teeth, module, facewidth, material 
and the helix angle if applicable. Hence the only choice of 
variables available to the gear designer is that of addendum 
modification coefficients and the cutter.
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5.3 Addendum Modification and Cutter Selection
Guidance in this subject is offered in BSI PD 6457 (15), ISO/TR 
4467(E) (7) and ANSI B6.1 (AGMA 201.02) (16)- However, if 
safeguards are employed in the analysis, the selection of suitable 
coefficients can be extended beyond the limits suggested by the 
above documents.
The computer program that has been developed by the author 
incorporates thirty five safeguards to limit the choice of 
addendum modification coefficients. These include tip to root 
trochoid interference, insufficient tip width and insufficient 
bottom clearance. The program automatically reduces the outside 
diameter of the relevant gear of the pair to eliminate the 
problem. Further, limits are placed on the ratio of the approach 
path to the recess path, the slide to roll ratio and the total 
contact ratio. The limits that were incorporated by the author in 
the production of Figures 5.1 to 5.3 are as tabulated in Table
5.1. Many of these limits can be varied to suit the experience 
and requirements of the gear designer. It should be noted that 
the alphabetical symbols indicate that the particular addenda 
combination being tested is terminated, whilst the phonetical 
symbols indicate initial problems which have been rectified to 
enable completion of the analysis.
The choice of cutter is somewhat arbitrary, and is usually 
dictated by availability. However, it is recommended that a 
standard cutter be employed, and the physical dimensions of the 
cutter be ascertained prior to analysis of the geometry factors. 
For the purpose of demonstrating the techniques involved in the 
calculation of geometry factors, an ISO 53 (60 cutter has been 
selected, being the cutter recommended by the new Australian 
Standard for Gear Design AS 2938(5).
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SYM BOL SA FE G U A R D FIXED VARIABLE V A LU E
A Lim its the m axim um  value o f  (j>t YES 100 rad
B Lim its the m inim um  value o f  <f>t YES 0.0 rad
C C hecks i f  A CO S (Tip angle \j/0p) > 1 .0 YES
D C hecks i f  A C O S (Tip angle Y og) > 1 .0 YES
E C hecks i f  Ar0  >  1.0 m n YES 1.0
F C hecks i f  ARq > 1.0 m n YES 1.0
G C hecks i f  r <  rb YES
H C hecks i f  R  < R5 YES
I C hecks i f  r0 <  rb YES
J C hecks i f  Ro < Rb YES
K C hecks if  Zb < 0 .0 YES 0.0 mm
L C hecks i f  Za < 0 .0 YES 0.0 m m
M C hecks i f  m j < 1 .0 YES 1.0
N C hecks i f  mp < 1.1 YES 1.1
O C hecks i f  Zc =  f (V (- v e ) ) YES
P C hecks i f  Zch =  f(V (- v e ) ) YES
Q C hecks i f  Lmin < 0.0 YES 0.0 m m
R C hecks i f  A C O S (Tip angle pp) > 1 .0 YES
S C hecks i f  A CO S (Tip angle Pg) > 1 -0 YES
T Checks i f  Xp iteration exceeds 20 YES 20 loops
U Checks if  Ag  iteration exceeds 20 YES 20 loops
V Checks i f  K^p iteration exceeds 20 YES 20 loops
W Checks i f  K bc iteration exceeds 20 YES 20  loops
X C hecks i f  Chp = f  (V (- v e ) ) YES
Y C hecks i f  Chp = f  (V (- v e ) ) YES
# N otification  o f  undercut pinion YES
= N otification o f  undercut wheel YES
@ Pinion bottom clearance initially < 0 .1  mn YES 0.1
$ W heel bottom  clearance initially < 0 .1  mn YES 0.1
( Pinion tip width initially < 0.2 m n YES 0.2
) W heel tip width initially <  0 .2  m n YES 0.2
> N otification  o f  | e  p - e  g  1 > 0.2 YES 0.2
? N otification  o f  Za < Zb YES
* N otification  o f  initial pinion tip interference YES
+ N otification o f  initial w heel tip interference YES
TABLE 5.1 - COMPUTER SAFEGUARDS TO LIMIT ADDENDA MODIFICATIONS
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CUTTER CORRE CTI OH FOR WHEEL
2 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7
C 1 . 6  
U 1 . 5  
T 1 . 4  
T 1 . 3  
K 1.2 
R 1 . 1  1.0 
C 0 . 9
0 0.8 
R 0 . 7  
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E ■ 0 . 5  
C 0 . 4  
T 0 . 3
1 0 . 2  O 0.1 
H 0 . 0-0.1 
F - 0 . 2
0  - 0 . 3  
R - 0 . 4
- 0 . 5  
P - 0 . 6
1 - 0 . 7  
H - 0 . 8  
I  - 0 . 9  O -1.0 
H - 1 . 1
7  7 6 7 7  
5 5 6 
3 4 5 5
8
7 8 8 
7 7 7 6 6 7 7 
6 6 6 6
3 3 
2 3
8 8 9 8 8 8 8 8  
8 8 8 8 8 8 8 8 8 8 8 7  
7 8 8 8 8 8 8 7 7 7 7 7 7 7 7  
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C r= 0 . 0 2 9 1 I BS 0 . 0 4 8 5 O ■= 0 . 0 6 7 9 U = 0 . 0 8 7 3 0 « 0 . 1 0 6 8 6 0 . 1 2 6 2
D = 0 . 0 3 2 3 J SS 0 . 0 5 1 7 P =  0 . 0 7 1 2 V = 0 . 0 9 0 6 1 0 . 1 1 0 0 7 = 0 . 1 2 9 4
E « 0 . 0 3 5 6 K C3 0 . 0 5 5 0 Q =  0 . 0 7 4 4 W «= 0 . 0 9 3 8 2 *= 0 . 1 1 3 2 8 s= 0 . 1 3 2 6
F = 0 . 0 3 8 8 L = 0 . 0 5 8 2 R = 0 . 0 7 7 6 X = 0 . 0 9 7 0 3 = 0 . 1 1 6 5 9 0 . 1 3 5 9
FIG. 5-1 CONTOUR PLOT OF I
CUTTER CORRECTION FOR WHEEL
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A =  0 . 1 3 0 9  
B =  0 . 1 4 3 8  
C -  0 . 1 5 6 7  
D = 0 . 1 6 9 6  
E =  0 . 1 8 2 5  
F -  0 . 1 9 5 3
G =• 0 . 2 0 8 2  
H *= 0 . 2 2 1 1  
I  -  0 . 2 3 4 0  
J  -  0 . 2 4 6 9  
X =  0 . 2 5 9 8  
L «= 0 . 2 7 2 6
M = 0 . 2 8 5 5  
H = 0 . 2 9 8 4  
O »  0 . 3 1 1 3  
P = 0 . 3 2 4 2  
Q =  0 . 3 3 7 1  
R = 0 . 3 4 9 9
S ■= 0 . 3 6 2 8  
T =  0 . 3 7 5 7  
O =  0 . 3 8 8 6  
V =  0 . 4 0 1 5  
W = 0 . 4 1 4 4  
X ■= 0 . 4 2 7 2
Y =  0 . 4 4 0 1  
Z =  0 . 4 5 3 0
0 «  0 . 4 6 5 9
1 =  0 . 4 7 8 8
2 =  0 . 4 9 1 7
3 =  0 . 5 0 4 5
4 =  0 . 5 1 7 4
5 °  0 . 5 3 0 36 «  0 . 5 4 3 2
7 <= 0 . 5 5 6 18  =  0 . 5 6 9 0
9 ■= 0 . 5 8 1 8
FIG. 5-2 CONTOUR PLOT OF JP
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5.4 Examples of the Use of the Computer Program
For the purpose of demonstration, assume a spur gear design has
been formalised which has 25 and 50 pinion and wheel teeth
respectively and is manufactured utilising a 2 module ISO 53
cutter and has no addendum modifications. Depending on the choice
of materials and application factors, this design will have a
particular power rating. Maintaining the same materials and
application factors, this power rating can be increased if I and J
can be increased. For optimum design, the ratio of the increases
in I, Jp and JG should be related to the original calculated
powers; ie, if in the original design the strength power rating of
the pinion was greater than that of the wheel, then J :JG P
should be increased in the same ratio as P , :P , _.atP atG
The program provides ’’contour plots” of I, J and J , over aP G
range of addendum modification coefficients. Further, all reasons 
for rejection are tabulated, together with notification of 
potential problem areas that have been left to the discretion of 
the gear designer for acceptance or rejection.
Having plotted all acceptable permutations within the nominated
range of addendum modification coefficients, the program then
selects five combinations which yield respectively the maximum I,
J , J , J + J and I + J + J . However, depending on the P* G P G P G
criteria for optimisation, the gear designer may select other 
combinations from the ’’contour plots” .
To quantify the analysis, assume the original design was optimised 
to have equal power ratings for both wear and strength. Hence the 
gear designer requires the addendum modifications which will yield
the maximum increase in I + J + J .P G
The ’’contour plots” for I, J and J , based on the original 
design are shown in Figures 5.1, 5.2 and 5.3 respectively, whilst 
the reasons for rejection and notification of potential problem 
areas are shown in Figure 5.4.
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CUTTER CORRECTIOH FOR WHEEL
2 1 1 1 1 1 1 1 1
0 9 8 7 6 5 4 3 2
c 1 . 6  J
u 1 . 5 2
T 1 . 4 5 4 4 3 3
T 1 . 3 5 5 5 4 4 3
E 1 . 2 3 4 6 5 5 4 4
R 1 . 1 1 3 4 6 6 5 5 41 . 0 1 3 4 6 6 6 5 5
C 0 . 9 1 3 4 6 7 6 6 5
O 0 . 8 1 3 4 6 7 7 6 6
R 0 . 7 1 3 4 6 7 7 7 6
R 0 . 6 1 3 4 5 7 8 8 7
E 0 . 5 1 3 4 5 7 8 8 8
C 0 . 4 1 3 4 5 7 8 8 8
T 0 . 3 1 3 4 5 6 7 8 8
I 0 . 2 1 3 4 5 6 7 8 80 0 . 1 1 3 4 5 6 7 8 8H 0 . 0 1 2 4 5 6 7 8 8
- 0 . 1 1 2 4 5 6 7 8 8F - 0 . 2 1 2 4 5 6 7 8 8
O - 0 . 3 2 4 5 6 7 8 8
R - 0 . 4 4 5 6 7 8 8
- 0 . 5 5 6 7 8 8P - 0 . 6 5 6 7 8 8
I - 0 . 7 6 7 8 8N - 0 . 8 8 8
I -0.9 J 7
- 1.0
- 1 . 1
X J H
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P H H L X I G E D
P O N M K I G E
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A B 0 . 1 7 3 7 G « 0 . 2 4 3 5
B = 0 . 1 8 5 3 H *= 0 . 2 5 5 2
C = 0 . 1 9 7 0 I 0 . 2 6 6 8
D = 0 . 2 0 8 6 J 0 . 2 7 8 5
E => 0 . 2 2 0 3 X » 0 . 2 9 0 1
F = 0 . 2 3 1 9 L = 0 . 3 0 1 8
FIG. 5-3
M « 0 . 3 1 3 4 S « 0 . 3 8 3 2H = 0 . 3 2 5 0 T GE 0 . 3 9 4 9O = 0 . 3 3 6 7 U E= 0 . 4 0 6 5P = 0 . 3 4 8 3 V GE 0 . 4 1 8 2
Q «= 0 . 3 6 0 0 w *= 0 . 4 2 9 8R = 0 . 3 7 1 6 X = 0 . 4 4 1 5
CONTOUR PLOT
T = 0 . 4 5 3 1 4 G> 0 . 5 2 3 0
Z = 0 . 4 6 4 7 5 GE 0 . 5 3 4 60 BS 0 . 4 7 6 4 6 E= 0 . 5 4 6 21 c= 0 . 4 8 8 0 7 *= 0 . 5 5 7 92 GE 0 . 4 9 9 7 8 =1 0 . 5 6 9 5
3 = 0 . 5 1 1 3 9 0 . 5 8 1 2
OF Jn
CUTTER CORRECTION FOR WHEEL
2 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
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- 0 . 5  
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- 0 . 7  
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- 0 . 9  -1.0 -1.1
FIG. 5-4 CONTOUR PLOT OF ACCEPTABLE SOLUTIONS
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For a design that maintains the existing gear ratio, but extends
the centre distance, the contours show that significant increases
can be achieved, a fact that has long been known but has
previously been difficult to quantify. The program suggests
addendum modifications coefficients of x =1.0 and x =1.4P G
to maximise I + J + J , with approximately 0.4 mm of toppingJr (j
on both the pinion and wheel. However, to integerise the centre
distance x and x have been selected at 0.8441 and 1.5 F G
respectively. From Table 5.2, this design shows a 32.5% increase 
in power rating over the original design with a 4mm increase in 
centre distance.
In many instances, the gear centres cannot be extended. However,
a small variation in gear ratio can usually be tolerated. Hence
consider the choice of 24 pinion teeth and 47 wheel teeth,
resulting in a 2% variation in gear ratio. In this instance, the
program suggests x = 0.9608 and x = 1.4 to maintain the 75mmF G
centre distance, with approximately 0.45mm of topping on both the 
pinion and wheel. From Table 5.2, this design shows a 25.4% 
increase in power rating over the original design at no additional 
cost to the manufacturer.
Appreciating that a solution which maintains the existing gear
ratio and centre distance is not always possible, the selection of
24 pinion teeth and 48 wheel teeth will suffice in this example.
Addendum modifications of x =0.678 and x = 1.030 areP G
suggested with approximately 0.15mm of topping on both the pinion 
and wheel. From Table 5.2, this design shows a 21.2% increase in 
power rating over the original design at no additional cost to the 
manufacturer.
A summary of the computer output is contained in Table 5.2. The 
major variables associated with the decision as to whether to 
accept or reject a particular set of addendum modification 
coefficients have been included. The power increase for pitting 
resistance has been referenced back to the original gear design, 







Number o f Pinion Teeth 25 25 24 24
Number o f Wheel Teeth 50 50 47 48
Pinion Addendum Modification Coefficient 0.000 0.844 0.961 0.678
Wheel Addendum Modification Coefficient 0.000 1.500 1.400 1.030
Pinion Topping (mm) 0.000 0.425 0.445 0.150
Wheel Topping (mm) 0.000 0.425 0.445 0.150
Pinion Backlash (mm) 0.048 0.048 0.048 0.048
Wheel Backlash (mm) 0.048 0.048 0.048 0.048
Module (mm) 2 2 2 2
Centre Distance (mm) 75 79 75 75
Gear Ratio 2 2 1.96 2
Clearance o f Pinion (mm) 0.570 0.310 0.298 0.305
Clearance o f Wheel (mm) 0.570 0.310 0.298 0.305
Pinion Tip Width (mm) 1.384 1.240 1.126 1.017
Wheel Tip Width (mm) 1.498 1.140 1.195 1.129
Approach Length (mm) 5.180 3.964 3.520 4.116
Recess Length (mm) 4.758 3.813 4.111 4.428
Pinion Slide/Roll Ratio 1.156 0.572 0.655 0.775
Wheel Slide/Roll Ratio 2.305 0.749 0.660 0.925
Contact Ratio 1.683 1.317 1.293 1.447
Pitting Resistance Geometry Factor, I 0.099 0.120 0.123 0.120
Bending Strength Geometry Factor, Jp 0.395 0.539 0.557 0.525
Bending Strength Geometry Factor, Jg 0.435 0.547 0.538 0.528
Pinion Pitch Diameter, d (mm) 50.000 52.667 50.704 50.000
Pitting Resistance Power Increase % 0.0 34.5 27.8 21.2
Strength Power Increase % 0.0 32.5 25.4 21.4
TABLE 5.2 - SUMMARY OF COMPUTER ANALYSIS
Increase in Pitting Resistance X  100 (5.1)
Similarly, the power increase for strength is based on equation (5.2).
Increase in Strength Jd
J d s s
1.0 x 100 (5.2)
where I = geometry factor for pitting resistance 
J = geometry factor for bending strength 
d = operating pitch diameter of pinion, mm
Subcript s = reference
LCR and Conventional Helical Gears
The techniques which have been developed in the previous section 
can also be applied to low contact ratio (LCR) and conventional 
helical gears. AGMA 218.01 defines LCR gears as those having a 
face contact ratio less than or equal to unity. For the gear set 
detailed in Tables 5.3 and 5.4, the facewidth which yields the 
transition from a LCR to a conventional helical gear is 87.804mm.
An examination of Table 5.3 shows that for a facewidth of 87mm,
the gear set is analysed as a LCR and yields J = 0.637.P
Similarly from Table 5.4, with a facewidth of 88mm, the gear set 
is analysed as a conventional helical gear and yields Jp = 0.609. 
In this example, the bending strength power rating is proportional 
to FJ. Hence one may hypothesise that the strength rating of the 
pinion has been increased by 3.6% as a result of a reduction in 
facewidth.
This example serves to demonstrate that, as with any computerised 
analysis, the gear designer must be careful as to the 
interpretation of the results. It should be noted that I and JG
exhibit a smooth transition as the width of the gear forces the 
analysis through that of a LCR to a conventional helical gear.
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♦STEP* NAME * PINION * WHEEL * UNITS *
********************************************************
* I * NT * 23 * 84 * ** N * PHIC * 20 OO'OO’ * 20 00*00 * DEG *
* P * MN * 8.00000 * 8.00000 * MM *
♦ U * PSIS * 16 37*58* * 16 37*58* * DEG ** T * X * 0.29000 * 0.13420 * *
* * F * 87.00000 * 87.00000 * MM *
♦ D * RT * 3.04000 * 3.04000 * MM ** A * HA * 10.00000 * 10.00000 * MM *
* T * HB * 8.00000 * 8.00000 * MM ♦* A * DLTARO * 0.00000 * 0.00000 * MM ** * BN * 0.18150 * 0.27910 * MM *
-* * QV * 6 * 6 * ************************************************* ********
* 1 * PHIS * 20 48 00 * 20 48 00 * DEG *
* 2 * PHIT * 21 52*58* * 21 52*58* * DEG ** 3 * C * 450.00054 * 450.00054 * MM ** 4 * RB * 89.75960 * 327.81768 * MM *
* 5 ♦ R * 96.72909 * 353.27145 * MM ** 6 * R0 * 106.33747 * 359.74609 * MM ** 7 * MF * 0.99084 * 0.99084 * ** 8 * ZB * 16.49749 * 16.49749 * MM ** 8 * ZA * 20.96464 * 20.96464 * MM ** 9 * Z * 37.46213 * 37.46213 * MM ** 10 * ZC * 3.55607 * 3.55607 * MM ** 11 * CX * 0.92571 * 0.92571 * ** 12 * ZCH * -4.01454 * -4.01454 * MM ** 12 * CXH * 1.07747 * 1.07747 * ** 13 * PSIB * 15 36*12* * 15 36*12* * DEG ** 14 * CP SI * 1.35593 * 1.35593 * ** 15 * CC * 0.13576 * 0.13576 * ** 16 * LMIN * 87.00000 * 87.00000 * MM ** 17 * MNN * 1.00000 * 1.00000 ♦ *
*******************************************************-* 18 * I * 0.23105 * 0.23105 * ********************************************************-* 19 * PSI * 16 44 57 * 16 44 57 * DEG ** 20 * PHIN * 21 02*14* * 21 02*14* * DEG ** 21 * NE * 26.19441 * 95.66655 * ** 21 * ROE * 115.09765 * 391.73981 * MM ** 22 * BETA * 0.54440 * 0.40797 * RAD ** 22 * PHILN * 0.52337 * 0.40024 * RAD ** 22 * RBE * 98.45879 * 359.58863 * MM ** 22 * RE * 105.48993 * 385.26756 * MM ** 22 * ZNE * 38.86333 * 38.86333 * MM ** 22 * PHIL * 0.36852 * 0.35784 * RAD ** 23 * LAMBAI * 0.34907 * 0.34907 * RAD ** 24 * K1 * 0.61117 * 0.78373 * MM ** 24 * K2 * 1.50644 * 1.50644 * MM ** 24 * K3 * 21.42984 * 61.03314 * ** 25 * K4 * 0.92064 * 1.06095 * ** 25 * K5 * 0.87959 * 1.04385 * RAD ** 25 * K6 * 0.86582 * 1.03346 * RAD ** 25 * K7 * 0.86580 * 1.03345 * RAD ** 25 * K8 * 0.16986 * 0.05899 * RAD ** 25 * K9 * 1.32311 * 1.91114 * MM ** 26 * TE * 17.21445 * 17.97660 * MM ** 26 * HE * 7.67291 * 8.94475 * MM ** 27 * LAMBDA * 0.51116 * 0.46559 * RAD ** 28 * CH * 1.00000 * 1.00000 * ** 29 * KPSI * 1.00000 ♦ 1.00000 * ** 30 * Y * 0.94088 * 0.85741 * ** 31 * B * 8.64095 * 11.90878 * MM ** 31 * RF * 3.32421 * 3.24089 * MM ** 31 * H * 0.17170 * 0.17170 * ** 31 * L * 0.14170 * 0.14170 * ** 31 * M * 0.46037 * 0.46037 ♦ ** 31 * KF * 2.00302 * 1.92958 * *
* * * * * * * * * * * * * * * 1
* 32 * J * 0.63692 * 0.60250 * *
DESCRIPTION *I-*******************************
NUMBER OF TEETH *
NORMAL PRESSURE ANGLE *
NORMAL METRIC MODULE *
HELIX ANGLE AT REF PITCH DIA * 
ADDENDUM MODIFICATION COEFF * 
NET FACE WIDTH *
TIP RADIUS OF CUTTING TOOL * 
STANDARD ADDENDUM OF TOOL *
STANDARD DEDENDUM OF TOOL *
TRUNCATION APPLIED *
BACKLASH APPLIED *
AGMA 390 QUALITY NUMBER ** ********************************** 
TRANSVERSE PRESSURE ANGLE *
OPERATING TRANSVERSE PRESS ANG* 
OPERATING CENTRE DISTANCE *
BASE RADII *
OPERATING PITCH RADII *
TIP RADII *
FACE CONTACT RATIO *
LENGTH OF APPROACH PATH *
LENGTH OF RECESS PATH *
LENGTH OF LINE OF ACTION *
DIST STRESS TO PITCH POINTS * 
CONTACT HEIGHT FACTOR *
LENGTH OF LINE OF ACTION LCR * 
CONTACT HEIGHT FACTOR LCR *
BASE HELIX ANGLE *
HELICAL OVERLAP FACTOR *
CURVATURE FACTOR *
MIN LENGTH OF LINES OF CONTACT* 
LOAD SHARING RATIO *
******************************** 
GEOMETRY FACTOR - PITTING *
******************************** 
OPERATING PITCH DIA HELIX ANG * 
OPERATING NORMAL PRESSURE ANG * 
VIRTUAL NUMBER OF SPUR TEETH * 
VIRTUAL SPUR TIP RADII *
BASE & TIP RADII INCLUDED ANGS* 
LOAD ANGLE AT TIP *
EQUIVALENT BASE RADII *
EQUIVALENT OPERATING RADII * 
EQUIVALENT Z FOR LCR HELICAL * 
LOAD ANGLES AT HPSTC *
LAMBDA - INITIAL VALUE *
CONSTANT - K1 *
CONSTANT - K2 *
CONSTANT - K3 *
VARIABLE - K4 *
VARIABLE - K5 *
VARIABLE - K6 *
VARIABLE - K7 *
VARIABLE - K8 *
VARIABLE - K9 *
INSCRIBED PARABOLA - WIDTHS * 
INSCRIBED PARABOLA - HEIGHTS * 
LAMBDA - FINAL VALUES *
HELICAL FACTOR *
HELIX ANGLE FACTOR *
TOOTH FORM FACTORS *
OPERATING DEDENDA *
MINIMUM ROOT FILLET RADII *
DOLAN - BROGHAMER FACTOR - H * 
DOLAN - BROGHAMER FACTOR - L * 
DOLAN - BROGHAMER FACTOR - M * 
STRESS CONCENTRATION FACTORS *
********************************************* *************GEOMETRY FACTORS - STRENGTH * *******************************
TABLE 5.3 - GEOMETRY FACTORS FOR LCR GEARS
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*****************************************************************************************
♦STEP* NAME * PINION * WHEEL * UNITS * DESCRIPTION *
****************************************************************************************** I * NT * 23 * 84 * * NUMBER OF TEETH ♦it N ♦ PHIC * 20 OO'OO" * 20 OO'OO" * DEG * NORMAL PRESSURE ANGLE ** P * MN * 8.00000 * 8.00000 * MM * NORMAL METRIC MODULE ** U * PSIS * 16 37'58" * 16 37'58* * DEG * HELIX ANGLE AT REF PITCH DIA ** T * X * 0.29000 * 0.13420 * * ADDENDUM MODIFICATION COEFF ** * F * 88.00000 * 88.00000 * MM * NET FACE WIDTH ** D * RT * 3.04000 * 3.04000 * MM * TIP RADIUS OF CUTTING TOOL ** A * HA * 10.00000 * 10.00000 * MM * STANDARD ADDENDUM OF TOOL *■* T * HB * 8.00000 ♦ 8.00000 * MM * STANDARD DEDENDUM OF TOOL ** A * DLTARO * 0.00000 * 0.00000 * MM * TRUNCATION APPLIED ** * BN * 0.18150 * 0.27910 * MM * BACKLASH APPLIED ** * QV * 6 * 6 ♦ * AGMA 390 QUALITY NUMBER ♦***************** ****************************** ***♦*♦************************************♦ l * PHIS * 20 48 00 * 20 48 00 * DEG * TRANSVERSE PRESSURE ANGLE ** 2 * PHIT * 21 52'58" * 21 52'58* * DEG * OPERATING TRANSVERSE PRESS ANG** 3 * C * 450.00054 * 450.00054 * MM * OPERATING CENTRE DISTANCE ** 4 * RB * 89.75960 * 327.81768 * MM * BASE RADII ♦* 5 * R * 96.72909 * 353.27145 * MM * OPERATING PITCH RADII *♦ 6 * R0 * 106.33747 * 359.74609 * MM * TIP RADII ** 7 * MF * 1.00223 * 1.00223 * * FACE CONTACT RATIO ** 8 ♦ ZB * 16.49749 * 16.49749 ♦ MM * LENGTH OF APPROACH PATH ** 8 * ZA * 20.96464 * 20.96464 * MM * LENGTH OF RECESS PATH ** 9 * Z * 37.46213 * 37.46213 * MM * LENGTH OF LINE OF ACTION ♦* 10 * ZC * -4.01454 * -4.01454 * MM * DIST STRESS TO PITCH POINTS ** ll * CX * 1.07747 * 1.07747 * * CONTACT HEIGHT FACTOR ** 13 * PSIB * 15 36'12* * 15 36'12* ♦ DEG * BASE HELIX ANGLE ** 14 * CP SI * 1.00000 * 1.00000 * ♦ HELICAL OVERLAP FACTOR ** 15 * CC * 0.13576 * 0.13576 * * CURVATURE FACTOR *♦ 16 * LMIN * 139.48110 * 139.48110 * MM * MIN LENGTH OF LINES OF CONTACT** 17 * MNN * 0.63091 * 0.63091 * * LOAD SHARING RATIO *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t t ( l t t * t1m i t ( k t t t # t t t t j t # 4 t t t t # t t t t t t # t t M ^ t t
* 18 * 1 * 0.23184 * 0.23184 * * GEOMETRY FACTOR - PITTING ******************************************************************************************
^ 1 O . Tier . ir ______ ____________________________* 19 * PSI * 16 44#57" ♦ 16 44*57" * DEG ♦ OPERATING PITCH DIA HELIX ANG ** 20 * PHIN * 21 02*14" * 21 02*14" * DEG <* OPERATING NORMAL PRESSURE ANG ** 21 * NE * 26.19441 * 95.66655 * * VIRTUAL NUMBER OF SPUR TEETH ** 21 * ROE * 115.09765 * 391.73981 * MM * VIRTUAL SPUR TIP RADII ** 22 * BETA ♦ 0.54440 * 0.40797 * RAD ♦ BASK & TIP RADII INCLUDED ANGS*it 22 * PHIL * 0.52337 * 0.40024 * RAD * LOAD ANGLES AT TIP ** 23 * LAMBAI * 0.26180 * 0.26180 * RAD * LAMBDA - INITIAL VALUE it* 24 * K1 * 0.61117 * 0.78373 * MM * CONSTANT - K1 ** 24 * K2 * 1.50644 * 1.50644 * MM * CONSTANT - K2 ir* 24 * K3 * 21.42984 * 61.03314 * * CONSTANT - K3 itit 25 * K4 * 1.19398 * 1.27750 * * VARIABLE - K4 it* 25 * K5 * 1.14075 ♦ 1.25691 * RAD * VARIABLE - K5 ■k* 25 * K6 * 1.10251 * 1.23141 it RAD * VARIABLE - K6 ** 25 * K7 * 1.10187 * 1.23113 * RAD * VARIABLE - K7 ** 25 * K8 * 0.20713 ♦ 0.07786 * RAD * VARIABLE - K8 ** 25 ♦ K9 ♦ 1.73235 * 2.73235 * MM * VARIABLE - K9 ♦* 26 ♦ TE * 16.32205 ♦ 17.30213 * MM * INSCRIBED PARABOLA - WIDTHS ** 26 * HE * 14.72394 * 14.59759 * MM * INSCRIBED PARABOLA - HEIGHTS ** 27 * LAMBDA * 0.27035 * 0.28808 * RAD * LAMBDA - FINAL VALUES ** 28 * CH * 1.31672 * 1.31672 * * HELICAL FACTOR ** 29 * KPS I * 0.91751 * 0.91751 * * HELIX ANGLE FACTOR ** 30 ♦ Y * 0.57087 * 0.58778 ♦ * TOOTH FORM FACTORS ** 31 * B * 8.64095 * 11.90878 * MM * OPERATING DKDKHDA ** 31 * RF * 3.32421 * 3.24089 * MM * MINIMUM ROOT FILLET RADII ** 31 * H * 0.17170 * 0.17170 * * DOLAN - BROGHAMKR FACTOR - H ** 31 * L * 0.14170 * 0.14170 * * DOLAN - BROGHAMER FACTOR - L ** 31 * M * 0.46037 * 0.46037 * * DOLAN - BROGHAMER FACTOR - M ** 31 * KF * 1.48551 * 1.54278 * * STRESS CONCENTRATION FACTORS ********************************************************************************** ********
* 32 * J * 0.60910 * 0.60387 * * GEOMETRY FACTORS - STRENGTH ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
TABLE 5.4 - GEOMETRY FACTORS FOR CONVENTIONAL HELICAL GEARS
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5.6 Stress Concentration Factor
Equation (6.60) of AGMA 218.01 defines the stress concentration 
factor, K̂ ., in terms of the operating dedendum and the operating 
normal pressure angle. If identical pinions are meshed with a 
series of wheels, each of which has a constant number of teeth, 
but a varying amount of addendum modification, then the operating 
dedendum of the pinions must change. Equation (6.43) of AGMA
218.01 then implies that the minimum fillet radius of the pinion, 
rfp, will change, which is not the case. This conundrum is best 
explained if the definition of r were *'the fillet radius at the 
point where the Lewis parabola is tangential to the root fillet” .
Considering the analysis of a helical pinion, the only change in 
the point of the tangency of the Lewis parabola would be as a 
result of a change in the load angle, 4> , and/or a change ini_»lM
the equivalent number of pinion teeth, N^p, as a result of a 
change in the operating helix angle, TjJ. As the changes in 
^LNP an(̂  NeP are relatively small, one would expect
minor changes in r£p - However, as indicated in Table 5.5, this 
is not the case. This phenomenon would at first appear to be an 
error, but when considered in conjunction with the Dolan and 
Broghamer (12) factors, the subsequent numerical value of the 
strength geometry factor, J , is approximately constant.

















25 50 0.0 0.0 0.286 0.0 20.000 30.000 23.563 38.490 2.0296 1.4603 1.460 0.619 1.250 0.418 1.650 0.497
25 50 0.0 0.4 0.286 0.0 21.028 30.223 23.543 38.752 2.0311 1.4605 1.476 0.622 1.380 0.429 1.623 0.495
25 50 0.0 0.8 0.286 0.0 21.951 30.436 23.523 39.005 2.0326 1.4607 1.491 0.625 1.505 0.441 1.598 0.496
25 50 0.0 1.2 0.286 0.0 22.790 30.639 23.505 39.251 2.0340 1.4609 1.505 0.627 1.624 0.454 1.576 0.499
TABLE 5.5 - VARIATION OF ROOT FILLET RADIUS WITH OPERATING DEDENDUM
SECTION 6
GEAR POWER RATING TO AGMA 218.01
Introduction
This Section outlines the procedure used to rate gears to AGMA
218.01 (4). The power ratings obtained by the use of this 
standard form the basis of the gear rating package.
The power rating formulae described in AGMA 218.01 are applicable 
for rating the pitting resistance of internal and external spur 
and helical gear teeth and the bending strength of external spur 
and helical involute gear teeth. The formulae evaluate gear tooth 
capacity as influenced by the major factors which affect tooth 
pitting, and gear tooth fracture at the fillet radius. In the 
context of this Thesis, however, only external gears are 
considered.
Before proceeding, it is important to distinguish between the two 
major criteria that are used to determine the power transmission 
capability of a gear pair. The first criterion is a function of 
the Hertzian contact stress between the two contacting tooth 
surfaces. The ability of a gear to withstand this type of stress 
is termed its pitting resistance. The pitting of gear teeth is 
generally considered to be a fatigue phenomenon. Initial pitting 
and destructive pitting are illustrated and discussed in ANSI/AGMA 
110(17.). The pitting resistance power formula, equation (6.1), 
aims to determine a load rating at which destructive pitting does 
not occur during the design life. The ratings for pitting 
resistance are based on formulae developed by Hertz for contact 
pressure between two curved surfaces, modified for the effect of 
load sharing between adjacent teeth. The second criteria for 
determining the power rating of a gear pair is based upon a 
fatigue phenomenon related to the resistance to cracking at the 
tooth fillet. Typical cracks and fractures are illustrated in 
ANSI/AGMA 110. The basic theory employed in this analysis assumes 
the gear tooth to be rigidly fixed at its base and thus the 
critical stress occurs at the fillet. The intent of the AGMA 
strength rating formula is to determine the load which can be 
transmitted for the design life of the gear drive without causing 
root fillet cracking or failure.
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6.2 Pitting Resistance Power Rating (P )_30
The pitting resistance power rating is obtained from AGMA 218.01, 
equation (5.5M) as
np F I C,
ac
1.91 x 107 Cs Cm Cf Ca Cp CT CR
d sac CL CH ( 6 . 1 )
where P = allowable transmitted power for pitting resistance, kW ac
n = pinion speed, RPM P
F = net facewidth of narrowest member, mm
I = geometry factor for pitting resistance
= dynamic factor for pitting resistance
d = operating pitch diameter of pinion, mm
s = allowable contact stress number for gear material, MPa ac
C = life factor for pitting resistanceL»
C = hardness ratio factor H
C = size factor for pitting resistance s
C = load distribution factor for pitting resistance m
= surface condition factor 
C = application factor for pitting resistance3 /. 1/2C = elastic coefficient, (MPa)P
C = temperature factor for pitting resistance
C = reliability factor for pitting resistance R
The ratings of both pinion and gear teeth must be calculated to 
evaluate differences in material properties and the number of 
tooth contact cycles under load. The pitting resistance power is 
based on the lower value of the product s .C .C for each3C Li 1*1
of the mating gears.
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6.3 Bending Strength Power Rating (P
The bending strength power rating is obtained from AGMA 218.01, 
equation (5.14M) as
np d Kv J sat KL
Pat = ---1---------- F m  ----- ------  (6.2)
1.91 x 107 Ka Ks KR KT
where = dynamic factor for bending strength 
m = transverse module, ram 
J = geometry factor for bending strength
s = allowable bending stress number for gear material, MPaat
K = life factor for bending strength 1>
K = application factor for bending strength a
K = size factor for bending strength s
K = load distribution factor for bending strength m
K = reliability factor for bending strength R
K = temperature factor for bending strength
The ratings of both pinion and gear teeth must be calculated to 
evaluate differences in geometry factors, number of load cycles, 
and material properties. The bending strength power rating is 
based upon the lower value of the product s .K .J for each of 
the mating gears.
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6.4 Geometry Factors (I) and (J)
The tenet of this Thesis is the presentation of an original 
analytical method for the calculation of the bending strength 
geometry factor (J) and a modified method for the calculation of 
the pitting resistance geometry factor (I), the procedural steps 
being documented in Section 1.9. However, for integrality, the 
basic equations are restated.
6.4.1 Pitting resistance geometry factor (I)
The pitting resistance geometry factor I, evaluates the radii of 
curvature of the contacting tooth profiles based on the pressure 
angle, helix angle, and gear ratio. Effects of addendum 
modification and load sharing are considered. The I factor is 
defined by AGMA 218.01, equation (6.2) as
Cc cx %  2I = -------1—  (6.3)
mN
curvature factor at pitch line 
contact height factor 
helical overlap factor 
load sharing ratio
6.4.2 Bending strength geometry factor (J)
The geometry factor J, considers the shape of the tooth, the 
position at which the critical load is applied, stress 
concentration due to geometric shape, and the sharing of load 
between oblique lines of contact in helical gears. Both the 
tangential (bending) and the radial (compressive) components of 
the tooth load are included.
The J factor is defined AGMA 218.01, equation (6.32) as









= tooth form factor 
= stress correction factor
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6.5 Power Rating Modification Factors
The catalogue tabulations of power ratings for proprietary 
gearboxes are for combined design factors equalling 1 unless 
otherwise specified.
However, it is recognised that for the vast majority of 
industrial type gear systems, there is a need for the selection 
of application factors, life factors, reliability factors, 
etc. It will be seen from Clauses 8, 9, 11, 12, 13, 15, 16, 17 
and 18 of AGMA 218.01, that the components are separated and 
identified to allow for each part to be carefully considered 
and assigned.
6.5.1 Dynamic factors (C ) and (K )— 1------------- ---- y---------y—
The dynamic factors, and account for internally 
generated gear tooth loads which are induced by non-conjugate 
meshing action of the gear teeth. Even if the input torque and 
speed are constant, significant vibration of the gear masses, 
and therefore, dynamic tooth forces can exist. These forces 
result from relative displacements between the gears as they 
vibrate in response to an excitation known as "transmission 
error”. The ideal kinematics of a gear pair require an exact 
ratio between the input and output rotation. Transmission 
error is defined as the departure from uniform relative angular 
motion of the meshing pair of gears.
The dynamic factors relate the total tooth load including 
dynamic effects to the transmitted tangential tooth load, and 
is defined by equation (8.1) of AGMA 218.01 as
C = K = W,/(W + W ) (6.5)v v t d t
where = transmitted tangential load, W
W „ = incremental dynamic tooth load, N d
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The calculation of the incremental dynamic tooth load W ,d
requires a detailed investigation of the system dynamics of the
gear drive. Where it is not possible to determine the dynamic
loadings, AGMA 218.01 suggests an alternate and approximate
method, for the calculation of C and K . The method isv v
based on the transmission accuracy level number, Q . 0 canv v
be the same as the quality number from AGMA 390.03(18) when 
manufacturing techniques ensure equivalent transmission 
accuracy, or when the pitch and profile accuracy are the same as 
AGMA 390 tolerances. The approximate method has been used in 
the gear rating package, and is described in Clause 8.3 of AGMA
218.01 as
For Q < 6: v
C = K = 50/(50 + /200 v ) (6.6)v v t
where v̂_ = pitch line velocity at operating pitch diameter, 
m/s.
v = f n d/60000 (6.7)t p
For 6 < Q <11:— v —
Cv = Kv =
A + /200 v̂. .
B
where A = 50 + 56 (1.0 - B)
(12 - Qv)0.667
B =
( 6 . 8 )
(6.9)
( 6 . 10)
For Q >12, values of C and K between 0.90 and 0.98 may v — v v
be used, depending on the designer’s experience with similar
applications and the degree of accuracy actually achieved. To use
these values, the gearing must be maintained in accurate alignment
and adequately lubricated. Spur gears must have properly designed
profile modification and helical gears must have an axial contact
ratio greater than 1.0. To incorporate this philosophy into the
computer program, the decision was made to set = 0.9
when Q > 1 2  and v, > 11.627 m/sec. v — t ~
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If vt < 11.627 m/sec and Qv > 12 then the values of Cv and
K ascribed to Q = 1 1  were followed, such that, v v
Cv Kv
92 0.25
92 + /200 v
( 6 . 11)
Whilst Clause 8.3.2 of AGMA 218.01 states that, based on 
experience, the values of and may be extrapolated beyond 
the end points of those shown in Figure 7 of AGMA 218.01, the 
decision was made to retain the defined end points in the computer 
program, as defined by equation (8.5M) of AGMA 218.01.
v , = [A + (Q - 3)]2/200 m/s (6.12)t max v
However, if Q < 6, v, = 1 3  m/s, whilst if Q >12,v t max v
v, = 66 m/s.t max
Hence one of the checks that the program must perform, is to
ensure that v. has not been exceeded, for the nominatedt max
transmission accuracy level number, Q^. In the event that
v has been exceeded, the recommended Q is nominated,t max v
6.5.2 Application factors (C ) and (K )cl ol
The application factors make allowance for any externally applied 
loads in excess of the nominal tangential load, W^. Application 
factors can only be established after considerable field 
experience is gained in a particular application.
In determining the application factors, consideration should be 
given to the fact that many prime movers develop momentary peak 
torques appreciably greater than those determined by the nominal 
ratings of either the prime mover or the driven equipment. There 
are many possible sources of overload which should be considered. 
Some of these are: system vibrations; acceleration torques; 
overspeeds in system operation; and changes in process load 
conditions.
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6.5.3 Surface condition factor (C .̂)
The surface condition factor C^, used only in the pitting 
resistance formula, depends on:
i. surface finish as affected by cutting, shaving, lapping, 
grinding, shot peening, etc;
ii. residual stress; and
iii. plasticity effects.
Standard surface condition factors for gear teeth have not yet 
been established by AGMA for cases where there is a detrimental 
surface finish effect. In such cases, some surface finish factor 
greater than unity should be used.
6.5.4 Size factors (C ) and (K )s-------- s~
The size factors reflect non-uniformity in material properties. 
They depend primarily on:
i. tooth size;
ii. diameter of parts;
iii. ratio of tooth size to diameter of part;
iv. facewidth;
V. area of stress pattern;
vi. ratio of case depth to tooth size; and
vii. hardenability and heat treatment of materials
The size factor may be taken as unity for most gears, provided a 
proper choice of steel is made for the size of the part and its 
heat treatment and hardening process.
AGMA have not yet established standard size factors for gear teeth 
for cases where there is a detrimental size effect. In such 
cases, some size factor greater than unity should be used.
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6.5.5 Load distribution factors (C ) and (K )— ----------------------m--------m-
The load distribution factors modify the rating equations to 
reflect the non-uniform distribution of load along the lines of 
contact. The amount of non-uniformity of the load distribution is 
caused by, and is dependent on, the following influences:
i. gear tooth accuracy, ie lead, profile, and spacing;
ii. alignment of the axis of rotation of the pitch cylinders of 
the mating elements;
iii. elastic deformations of gear elements, shafts, bearings and 
housings, and foundations which support the gear elements;
iv. bearing clearances;
v. Hertzian contact and bending deformations of the tooth 
surface;
vi. thermal expansion and distortion due to operating 
temperature (especially for wide faced gearing);
vii. centrifugal deflections due to operating speed; and
viii. tooth crowning and end relief.
The load distribution factor is defined by equation (13.1) of AGMA
218.01 as
C = K = C C (6.13)m m mf mt
where C  ̂ = face load distribution factor mf
C , = transverse load distribution factor mt
The transverse load distribution factor (C ,), accounts for themt
non-uniform distribution of load among the gear teeth which share 
the total load.
AGMA have not yet established standardised procedures for the
calculation of C . . A value of unity is currently recommended mt
by AGMA.
The face load distribution factor (C ), accounts for themr
non-uniform distribution of load across the gearing facewidth.
The magnitude of the face load distribution factor is defined as 
the peak load intensity divided by the average load intensity 
across the facewidth.
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AGMA states that two methods may be used. One method is based on 
an analytical approach, while the other method is based on an 
empirical approach.
The analytical approach is based on the elastic and non-elastic
lead mismatch. This method requires knowledge of the design,
manufacturing, and mounting to evaluate the load distribution
factor. The calculation of C by this method has not beenmt
considered in this Thesis.
The empirical method requires a minimum amount of information.
This method is recommended for normal, relatively stiff gear
designs which meet the following requirements:
i. net facewidth to pinion pitch diameter ratios less than or 
equal to 2.0 (for double helical gears the gap is not 
included in the facewidth);
ii. the gear elements are mounted between bearings (not 
overhung);
iii. facewidth up to 1016 mm; and
iv. contact across full facewidth of narrowest number when 
loaded.
For normal, relatively stiff designs having gears mounted between 
bearings (not overhung) and relatively free from externally caused 
deflections, the following approximate method as given by equation 
(13.2) of AGMA 218.01, may be used.








C = lead correction factor 
= pinion proportion factor 
= pinion proportion modifier 
= mesh alignment factor 
= mesh alignment correction factor
(6.14)
The lead correction factor (C ), modifies the peak loadme














For gears with unmodified leads AGMA recommends C =1.0,me
whilst for gears with leads properly modified by crowning or lead
correction, AGMA recommends C =0.8.me
The pinion proportion factor (C^), accounts for deflections due 
to load. The deflections are normally higher for wide facewidths 
or higher F/d ratios. The pinion proportion factor can be 
obtained from equations (13.3), (13.4M) and (13.5M) of AGMA
218.01, which are
When F < 25.4,
C _ = F/lOd - 0.025 (6.15)Pf
When 25.4 < F < 431.8,
C = F/lOd - 0.0375 + 0.000492F (6.16)pf
When 431.8 < F < 1016,
r = F/lOd - 0.1109 + 0.000815 - 0.000000353F2 (6.17)pf
Note: For F/lOd less than 0.05, use 0.05 for this value in
equations (6.15), (6.16) or (6.17).
The pinion proportion modifier C , alters C , based on thepm pr
location of the pinion relative to its bearing centre line.
For straddle mounted pinions with (S /S) < 0.175, AGMAi
recommends C =1.0, whilst for straddle mounted pinions with pm
(S /S) > 0.175, AGMA recommends C =1.1 (refer Figure 6.1).i — pm
where S = the offset of the pinion, ie, the distance from 
i
the bearing span centreline to the pinion mid 
face, mm.
S = the bearing span, ie, the distance between the bearing
centre lines, mm.
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The mesh alignment factor (C ), accounts for the misalignment 
of the axis of rotation of the pitch cylinders of the mating gear 
elements from all causes other than elastic deformations. The 
value of the mesh alignment factor can be obtained from equation 
(13.6) of AGMA 218.01, which is based on the accuracy of the 
gearing and misalignment effects which can be expected from four 
classes of gearing.
The values for the four classes are defined as follows.
C = A + B(F) + C(F)2 (6.18)ma
where A, B and C are empirical constants
Curve 1 (Open Gearing):
A = 2.470 x 10-1
B = 0.657 x 10~3
C = -1.186 x 10~7
Curve 2 (Commercial Enclosed Gear Units):
A = 1 . 2 7 0 X 10 1
B = 0 . 6 2 2 X io-3
C = - 1 . 6 9 0 X
r*1Oi—1
Curve 3 (Precision Enclosed Gear Units):
A = 0.675 x 10"1
B = 0.504 x 10~3
C = -1.440 x 10-7
Curve 4 (Extra Precision Enclosed Gear Units):
A = 0.380 x 10-1
B = 0.402 x 10“3
C = -1.270 x 10-7
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The mesh alignment correction factor (C ), is used to modify thee
mesh alignment factor when manufacturing or assembly techniques 
improve the effective mesh alignment.
When the gearing is adjusted at assembly, or when the
compatability of the gearing is improved by lapping, AGMA
recommends C = 0.8. For all other conditions, AGMA recommends e
C = 1.0. e
6.5.6 Hardness ratio factor (C )H
The hardness ratio factor, C depends on:H
i. gear ratio; and
ii. hardness of pinion and gear.
Values for C are applied to the wheel only, and not to the H
pinion.
For through hardened gears, where the pinion is substantially 
harder than the gear, the work hardening effect increases the gear 
capacity.
The C factor can be calculated from equation (15.1) of AGMA H
218.01 as follows.
C = 1.0 + A (m_ - 1.0) (6.19)H 'j
where A = 0.00898 (H__/H__) - 0.00829 (6.20)t5ir
H = wheel Brinell hardness number (10 mm ball @ 3000 kg BG
load)
H = pinion Brinell hardness number (10 mm ball @ 3000 kg BP
load)
Equation (6.20) is valid below a ratio HBp/HBG =1.7. If
H /H is less than 1.2, AGMA recommends that C„ = 1.0.BP BG H
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For surface hardened/through hardened gears, where surface 
hardened pinions (48 HRC or harder) are run with through hardened 
gears (180 to 400 BHN) a work hardening effect is achieved.
The C factor varies with the surface finish of the pinion,H
fp , and the mating gear hardness.
The C factor can be calculated from equation (15.3) of AGMA H
218.01 as follows.
CH = 1.0 + B (450 - Hbg)
where B = 0.0075 (e) °*0112^p^
e = base of natural logarithms
f = surface finish of pinion (rms) P r
( 6 . 21)
( 6 . 22)
6.5.7 Life factors (C^) and (K^)
The life factors 
numbers for the
, and adjust the allowable stress 
required number of cycles of operation.
The number of load cycles, N, is defined as the number of mesh 
contacts, under load, of the gear tooth being analysed. AGMA 
allowable stress numbers are established for 107 tooth load 
cycles. The life factor adjusts the stress numbers for design 
lives other than 107 cycles.
A C  or K value of unity may be used, where justified by L L
experience beyond 10 million cycles.
AGMA states that at present, there is insufficient data to provide 
accurate life curves for all types of gears and their applications. 
Experience, however, suggests that life curves for pitting and 
strength of steel gears are as shown in Figures 20 and 21 of AGMA







d - t l - M Ì
Note: The choice of CL above 107 cycles is influenced by: 
______  Lubrication regime
— Failure critical
- Smoothness o f operation required
-  Pitch line velocity - | |
' Gear material cleanliness
Material ductility and fracture toughness
NUMBER OF LOAD CYCLES, N
F I G .  6 - 2  P I T T I N G  R E S I S T A N C E  L I F E  F A C T O R ,  C,
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The equations for the pitting resistance life factor, C^, can be 
obtained from Figure 6.2 as follows,
If N < 10,000
C = 2.466 (10,000)_O‘°56
L*
ie C_ = 1.47229 (6.23)
Li
If 10,000 < N < 10,000,000
C = 2.466 n “°'°56 (6.24)
Li
If N > 10,000,000, then the value of C is influenced by theLi
service to which the gears will be applied.
The upper portion of the shaded zone on Figure 6.2 is used for
general commercial applications, whilst the lower portion is used
for critical service applications, where little pitting and tooth
wear is permissible, and where smoothness of operation and low
vibration levels are required. To enable this concept to be
incorporated into the computer program, the upper boundary was
arbitrarily set at < 6, whilst the lower boundary was set at
0 >12, the distribution throughout the shaded area, was thenv —
considered to be linear.
The relationship between C and N, when plotted on log-logL
scales as shown by Figure 6.2, is linear and can be expressed by:
C = Constant *
Li
power (6.25)
log CL2 - log CLi
where power = ------------------
log N - log N 2 1
(6.26)
Considering the value of CL2» when N = 1010, then the 
upper boundary is defined by CL2= 0.8531, corresponding to 
0 < 6 ,  whilst for the lower boundary, C_ = 0.6792,V — L>2
corresponding to > 12.
LIFE FACTO
R,
F I G .  6 - 3  B E N D I N G  S T R E N G T H  L I F E  F A C T O R ,  K L
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On the arbitrary assumption that the relationship between C_L»2
and Q is linear, then, v
CT = 1.027 - 0.029 Q (6.27)1 ,2  V
Similarly, when N = 10?, C =1.0.Li
Hence, the procedure to find C , when N > 10,000,000 is asL
follows,
If Q <6, v —
C = 1.4488 N_0'°23 (6.28)L
If Q <12, v
CT = 1.027 - 0.029 Q (6.27)L 2  V
and from equations (6.25) and (6.26),
power = (log C )/3 L>2
C_ = (N/107)pOWer (6.29)Li
If > 12,
—o.056C = 2.466 N (6.24)u
The equations for the bending strength life factor, K , can beu
obtained from Figure 6.3 as follows,
If N < 3.0 x 106, then is a function of the material 
hardness (BHN). Considering the value of K^, when N = 103, 
then for BHN = 400, = 3.4, whilst for BHN =160, = 1.5995.
On the arbitrary assumption that the relationship between C andLi, 3BHN is a second order polynomial, then when N = 10 ,
K = 0.011 BHN - 0.00000625 BHN2 (6.30)L,
The hardness of the gears above 400 BHN, presented some dilemma,
as Figure 6.3 indicates that for case carburised gears (55-60 HRC) ,
K is less than that for gears of 400 BHN.L
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Hence, an arbitrary decision was made, that if the BHN of a gear 
was greater than 400 BHN, then the value of K would be assigned
Li
based on a parabolic distribution of K , between the values ofLj
= 3.4 at 400 BHN and = 2.7 at 55-60 Rockwell "C" 600 BHN),
3when N = 10 . The approximate relationship (19) between BHN 
and HRC, utilised in the program is,
BHN = [25,000 - 10 (57 - HRC)2]/[100 - HRC] (6.31)
Hence the procedure to find K is as follows*
Li
If N < 3,000,000 and BHN < 400,
KLi = °*011 BHN “ 0-00000625 BHN2 (6.30)
else N < 3,000,000 and BHN > 400,
KLi = ° ’0165 BHN ~ 0.00002 BHN2 (6.32)
If N < 1,000,
KL KLi
Now when N = 3,000,000, = 1.0397, for all conditions. Hence
from equations (6.25) and (6.26), for 1,000 < N < 3,000,000,
power = 0.00486 - 0.2876 log KLi
K = 1.0397 [N/(3 x 106)]P°Wer (6.33)Li
It is of interest to note, that equations (6.30), (6.32) and 
(6.33) yield the following relationships, which may be compared to 
those of Figure 6.3.
For BHN = 400,
K = 9.4510 N °*148° compared with K = 9.4518 N °*148° (6.34)L j  L i
For BHN = 250,
= 4.7850 N °'1024 compared with = 4.9404 N~°’1045 (6.35)
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For BHN = 160,
K = 2.3210 N 0,0538 compared with K = 2.3194 N 0,0538 (6.36)
Li Li
For BHN = 600.
= 6.1515 N-O.1192 compared with = 6.1514 W- O . 1 1 9 2 (6.37)
If N > 3,000,000, then the value of is influenced by the 
service to which the gears will be applied, similar to that for 
the value of C . When N = 1010, then the upper boundary isLi
defined by = 0.8999, corresponding to an arbitrary
selection of Q <6, whilst for the lower boundary, Kr = 0.8000, v — L.2
corresponding to > 12.
On the arbitrary assumption that the relationship between K_L.2
and Q is linear, then, v
BL = 1.0 - 0.01667 Q (6.38)L 2  V
Similarly, when N = 3 x 106, = 1.0397. Hence the
procedure to find K , when N > 3,000,000 is as follows.1.
If Q <6, v “
= 1.3558 N_° •0178 (6.39)
If Q <12, v ’
K- = 1.0 - 0.01667 Q (6.38)L .2 V
and from equations (6.25) and (6.26),
power = 0.28386 log K - 0.00481.2
6.,power= 1.0397 [N/(3 x 10 )r
If Q >12, v “
(6.40)
(6.33)
= 1.6831 N—O . 0 3 2 3 (6.41)
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6.5.8 Reliability Factors (CR) and (K^)
The reliability factors account for the effect of normal 
statistical distribution of failures found in materials testing.
The allowable stress numbers given in Tables 5 and 6 of AGMA
218.01, are based on a statistical probability of one failure in 
100 at 107 cycles. Table 6.1 contains reliability factors 
which may be used to modify these allowable stresses to change 
that probability.
Tooth breakages are sometimes considered to be a greater hazard 
than pitting. In such cases a value of greater than CR is 
selected.
Requirements of Application C , K R ’ R
Fewer than one failure in 10,000 1.50
Fewer than one failure in 1,000 1.25
Fewer than one failure in 100 1.00
Fewer than one failure in 10 0.85
TABLE 6.1 - RELIABILITY FACTORS, C„ and K„K K
6.5.9 Temperature Factors and
The temperature factors CT and Kt are generally taken as unity
when gears operate with temperatures of oil or gear blank not 
oexceeding 120 C.
When gears operate at oil or gear blank temperatures above
120°C, CT = Kt is given a value greater than one to allow
for the effect of temperature on oil film and material properties.
Consideration must be given to the loss of hardness and strength 
of some materials due to the tempering effect of temperatures over
175°C.
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6.6 ELASTIC COEFFICIENT (C )p
The elastic coefficient, C^, is defined by equation (10.1) of 
AGMA 218.01, as
0 = 1 * {(1.0 - Pp)/Ep + (1.0 - Vq )/Eg } r ° ' 5 (6.42)
where C = elastic coefficient, (MPa)°'s P
Up = Poisson's ratio for pinion = 0.3 
|iG = Poisson’s ratio for wheel = 0.3 
Ep = modulus of elasticity for pinion, MPa 
Eg = modulus of elasticity for wheel, MPa
AGMA 218.01 recommends the following values for the modulus of 
elasticity. However, when more exact values for the modulus of 













2xl05 1.7x105 1.7xl05 1.5xl05 1.2xl05 l.lxlO5
TABLE 6.2 - MODULUS OF ELASTICITY, E , (MPa)
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6.7 Allowable Stress Numbers (s ) and (s ,)  a c------- a t~a -
The allowable stress numbers depend on:
i. material composition; 
mechanical properties; 





Allowable stress numbers for unity application factor and 10
million cycles of load application are determined or established
from laboratory and field experience for each material and
condition of that material. These stress numbers are designated
s and s , . The allowable stress numbers are adjusted for ac at
design life load cycles by the use of the life factors, which have 
been discussed in Section 6.5.7.
Allowable contact stress numbers for commonly used gear materials 
are shown in Table 5 of AGMA 218.01. Several values of s ,
pertaining to through hardened and tempered steel gears, have been 
extracted from Table 5, and plotted as Figure 14 of AGMA 218.01. 
Both Table 5 and Figure 14 show a range of values for a particular 
material, and it is suggested that the lower value should be used 
for general design purposes.
In general, AGMA 218.01 has proven to be a most useful method for 
the rating of spur and helical gears. However, Tables 5 and 6 
have proven to be somewhat of a disappointment, due mainly to the 
ambiguous way in which the gear materials have been specified. 
Presumably, the selection of materials for gears can be made from 
AGMA 390.03, Part II, Section 2. The type of material having been 
selected, AGMA 240.01(20) can be used for a detailed 
specification. However, the designation numbers in AGMA 218.01, 
AGMA 390.03 and AGMA 240.01 are not correlated. Further, AGMA
240.01 has been withdrawn since work on this Thesis commenced, all 
of which leaves the designer in an invidious situation.
It is hoped that this problem will be addressed in future editions 
of AGMA 218.01, such that a tabulation similar to Appendix A of 
BS436-1940(21) will be incorporated.
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To illustrate the potential of a correlation between AGMA 218.01 and 
BS436-1940, the first five materials of Table 5 of AGMA 218.01 (which 
have euphemistically been referred to as hardened and tempered steel) 
have been tabulated against hardened and tempered forged steels from 
BS436, for a similar hardness range. This tabulation is shown as 
Table 6.3 (page 141), and is plotted as Figure 6.4.
Having plotted values from Table 6.3, the line of best fit 
yields,
S = 14.7 H - 625 (psi) (6.43)c B
In assigning a suitable scale to s , it can be seen that betweenac
180 BHN and 400 BHN, varies by 3230 units (5250-2020), whilst
s varies by 510 units (1100-590) over the same range. Hence, 500 ac
S units will correspond to approximately 80 s units on theC H C
same scale. Further, if there is to be a correlation, then a sac
value of 590 MPa will correspond with a value of approximately 
2000 psi. This scaling procedure leads to a reasonable correlation 
as shown by Figure 6.4, yielding,
s = 2.35 H + 160 (MPa) (6.44)ac B
Combining equations (6.43) and (6.44) gives,
s = 0.16 S + 260 (MPa) (6.45)ac c
Hence, one may hypothesise that equation (6.45) represents a 
technique whereby detailed material specifications may be assigned to 
AGMA Class A1 to A5 gear materials. If there is validity to this 
hypothesis, then other materials which have been normalised, as 
opposed to hardened and tempered, within the forged steel category of 
BS 436 Appendix A, could presumably be utilised.
6.7.2 Allowable bending stress number (s )
Allowable bending stress numbers for commonly used gear materials are 
shown in Table 6 of AGMA 218.01. Several values of s pertaining 
to through hardened and tempered steel gears, have been extracted 
from Table 6, and plotted as Figure 15 of AGMA 218.01.
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The comments made in Section 6.7.1, regarding the ambiguity of 
material specifications, are equally valid when using Table 6 of 
AGMA 218.01.
It should be noted, that when rating an idler gear, or other gears 
where the teeth are completely reverse loaded on every cycle, then 
the design value of s is to be 70 percent of the nominatedat
value of s , as found in Table 6 of AGMA 218.01. at
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6.8 An Example of the Use of the Computer.Program
W O L L O N G O N G  U N I V E R S I T Y  
A N A L Y S T : R O B E R T  D A V E Y  
T H E S I S  E X A M P L E  -  S P U R  G E A R S  
S P E C I F I E D  D E S I G N  F A C T O R S  O F
S C P IO O L  O F  M E C H A N I C A L  E N G I N E E R I N G
D A T E :  9 T H  J A N  1 9 8 9
A G M A  2 1 8 . 0 1  ( D E C  1 9 8 2  )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
**
* S Y M B O L
*
* P I N I O N * W H E E L *
* * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
» N P  &  NW * 2 8 * 7 1 *
* P S I S * 0 00 ’ 00 " * 0 0 0 ’ 00  " *
* F * 5 2 . 0 0 0 * 5 2 . 0 0 0 *
* MN * 4 . 0 0 0 * 4 . 0 0 0 *
* X * . 3 7 5 * . 1 4 3 *
* B N * . 1 2 1 * . 1 5 6 *
* D L T A R O * . 0 0 0 * . 0 0 0 *
* R P M * 1 4 4 0 . 0 0 0 * 5 6 7 . 8 8 7 *
* L I F E * 4 0 . 0 0 0 * 4 5 . 0 0 0 *
* S H * 5 5 . 0 0 0 * 5 0 . 0 0 0 *
* S A C * 1 2 5 0 . 0 0 0 * 1 2 0 0 . 0 0 0 *
* S A T * 3 8 0 . 0 0 0 * 3 1 0  . 0 0 0 *
* E * 2 0 7 . 0 0 0 * 2 0 5 . 0 0 0 *
* ME W * . 3 0 0 * . 3 0 0 *
* Q V * 8 * 6 *
* C A * 1 . 0 0 0 * 1 . 0 0 0 *
» K A * 1 . 2 0 0 * 1 . 2 0 0 *
* C F * 1 . 0 0 0 * 1 . 0 0 0 *
* C S * 1 . 0 0 0 » 1 . 0 0 0 *
* K S * 1 . 0 0 0 * 1 . 0 0 0 *
* C MT * 1 . 0 0 0 » 1 . 0 0 0 *
* C MC * 1 . 0 0 0 * 1 . 0 0 0 *
* C P M * 1 . 1 0 0 * 1 . 1 0 0 *
* C E * 1 . 0 0 0 * 1 . 0 0 0 *
* C R * 1 . 0 0 0 * 1 . 0 0 0 *
« K R * 1 . 0 0 0 * 1 . 0 0 0 *
* C T * 1 . 0 0 0 * 1 . 0 0 0 *
« K T * 1 . 0 0 0 * 1 . 0 0 0 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
************************************** 
* *
U N I T S /  * D E S C R I P T I O N  *
C L A U S E  * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* N U M B E R  O F  G E A R  T E E T H  *
D M S * H E L I X  A N G L E  @  S T A N D A R D  P C D  *
MM * F A C E  W I D T H  *
MM * N O R M A L  M E T R I C  M O D U L E  *
* A D D E N D U M  M O D I F I C A T I O N  C O E F F  *
MM * B A C K L A S H  A P P L I E D  *
MM * T R U N C A T I O N  A P P L I E D  *
R P M  * R E V  P E R  M I N U T E  O F  G E A R S  *
1 6 . 0  * D E S I G N  L I F E  O F  G E A R ( H * 1 0 * * 3 ) *
R C  * S U R F A C E  H A R D N E S S  O F  M A T .  *
M P A  * C O N T A C T  S T R E S S  N U M B E R  *
M P A  * B E N D I N G  S T R E S S  N U M B E R  *
G P A  * M O D U L U S  O F  E L A S T I C I T Y  *
1 0 . 0  * P O I S S O N ’ S R A T I O  *
8 . 3  * Q U A L I T Y  N U M B E R  F R O M  A G M A  3 9 0 *
9 . 1  * A P P L I C .  F C T . F O R  P I T T I N G  R E S *
9 . 1  * A P P L I C .  F C T .  F O R  B E N D I N G  S T R *
1 1 . 0  * S U R F A C E  C O N D I T I O N  F A C T O R  *
1 2 . 2  * S I Z E  F C T .  F O R  P I T T I N G  R E S .  *
1 2 . 2  * S I Z E  F C T .  F O R  B E N D I N G  S T R .  *
1 3 . 2 . 1  * T R A N S V E R S E  L O A D  D I S T R I B .  F C T *
1 3 . 2 . 2  * L E A D  C O R R E C T I O N  F A C T O R  *
1 3 . 2 . 2 . 1  P I N I O N  P R O P O R T I O N A L  M O D I F I E R *
1 3 . 2 . 2 . 1  M E S H  A L I G N M E N T  C O R R E C T I O N  F C *
1 7 . 0  * R E L I A B I L I T Y  F C T .  P I T T I N G  R E S *
1 7 . 0  * R E L I A B I L I T Y  F C T .  B E N D I N G  S T R *
1 8 . 0  * T E M P E R A T U R E  F C T .  P I T T I N G  R E S *
1 8 . 0  * T E M P E R A T U R E  F C T .  B E N D I N G  S T R *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
R A C K  D I M E N S I O N S  A N D  O P T I O N S
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* S Y M B O L  * P I N I O N  * W H E E L  * U N I T S /  » D E S C R I P T I O N
* * * * C L A U S E  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* P H I C * 2 0  00 ’ 00 " * 2 0  00 ’ 00  " * D E G * N O R M A L  P R E S S U R E  A N G L E
* H A * 5 . 0 0 0 * 5 . 0 0 0 * MM * S T A N D A R D  A D D E N D U M  O F  T O O L
* HB * 4 . 0 0 0 * 4 . 0 0 0 * MM * S T A N D A R D  D E D E N D U M  O F  T O O L
* R T * 1 . 5 2 0 * 1 . 5 2 0 * MM * T I P  R A D I U S  O F  C U T T I N G  T O O L
* D E L T A O * . 0 0 0 * . 0 0 0 * MM * P R O T U B E R A N C E  O F  C U T T I N G  T O O L
* I D L E R * 2 * 1 * 1 4 . 4 . 1 * N U M B E R  O F  G E A R S  I N  C O N T A C T
* C U R V E * 2 * 2 * F  I G ( 1 0 ) * A L I G N M E N T  F A C T O R  C U R V E
* R O U G H * NO * NO * * I N A C C U R A T E  S P U R  G E A R S
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W O L L O N G O N G  U N I V E R S I T Y  -  S C H O O L  O F  M E C H A N I C A L  E N G I N E E R I N G  
A N A L Y S T :  R O B E R T  D A V E Y  D A T E :  9 T H  J A N  1 9 8 9
T H E S I S  E X A M P L E  -  S P U R  G E A R S  
G E A R  R A T I N G  T O  A G M A  2 1 8 . 0 1  ( D E C .  1 9 8 2 ) .
* 4* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* S Y M B O L * D E S C R I P T I O N * P I N I O N * W H E E L
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* N * N U M B E R  O F  T E E T H * 2 8 * 7 1
* R P M * S P E E D  O F  R O T A T I O N  ( R E V / M I N ) * 1 4 4 0 . 0 0 0 * 5 6 7 . 8 8 7
* F * F A C E  W I D T H  (M M ) * 5 2 . 0 0 0 * 5 2 . 0 0 0
* P S I S * H E L I X  A N G L E  ( D M S ) * 0 0 0 ’ 0 0  " * 0 0 0  ’ 0 0  "
* MN * N O R M A L  M O D U L E  (M M ) * 4 . 0 0 0 * 4 . 0 0 0
* M T * T R A N S V E R S E  M O D U L E  (M M ) M T = M N / C O S ( P S I S ) * 4 . 0 0 0 * 4 . 0 0 0
* D * O P E R A T I N G  P I T C H  C I R C L E  D I A M E T E R  (M M ) * 1 1 3 . 1 3 0 * 2 8 6 . 8 6 6
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* K 1 0 * F  * R P M P  * D P  / ( 1 . 9 1 * 1 0 * * 7 ) * . 4 4 4 * . 4 4 4
* I D L E R * N U M B E R  O F  G E A R S  I N  C O N T A C T * 2 * 1
* I * G E O M E T R Y  F A C T O R  F O R  P I T T I N G  R E S I S T A N C E * . 1 2 0 * . 1 2 0
* J * G E O M E T R Y  F A C T O R  F O R  B E N D I N G  S T R E N G T H * . 4 7 9 * . 4 3 5
* S H * S U R F A C E  H A R D N E S S  ( R C ) * 5 5 . 0 0 0 * 5 0 . 0 0 0
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* V T * P I  * R P M P  * D P  / 6 0 0 0 0  ( M / S E C ) * 8 . 5 3 0 * 8 . 5 3 0
* Q V * Q U A L I T Y  N U M B E R  -  A G M A  3 9 0 * 8 * 6
* C V * F I G  7 * . 7 4 8 * . 6 4 8
* K V * F I G  7 * . 7 4 8 * . 6 4 8
« C A * C L A U S E  9 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* K A * C L A U S E  9 . 1 * 1 . 2 0 0 * 1 . 2 0 0
* C P * T A B L E  4 ( M P A  » * 0 . 5 ) * 1 8 9 . 8 0 9 * 1 8 9 . 8 0 9
* C F * C L A U S E  1 1 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* c s * C L A U S E  1 2 . 2 * 1 . 0 0 0 * 1 . 0 0 0
* K S * C L A U S E  1 2 . 2 * 1 . 0 0 0 * 1 . 0 0 0
* C M T * C L A U S E  1 3 . 2 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* C MC * C L A U S E  1 3 . 2 . 2 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* F / D * F A C E  W I D T H  T O  D I A M E T E R  R A T I O * . 4 6 0 * . 1 8  1
* C P F * F I G  8 * . 0 3 8 * . 0 3 8
* C P M * C L A U S E  1 3 . 2 . 2 . 1 * 1 . 1 0 0 * 1 . 1 0 0
* C M A * F I G  1 0  ( C U R V E  2 ) * . 1 5 9 * . 1 5 9
* C E * C L A U S E  1 3 . 2 . 2 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* C M F * 1 . 0  + C M C  * ( C  P F  * C  P M + C M A  * C E ) * 1 . 2 0 1 * 1 . 2 0 1
* C M * C M F  * C M T * 1 . 2 0 1 * 1 . 2 0 1
* K M * C M F  « C M T * 1 . 2 0 1 * 1 . 2 0 1
* S A C * T A B L E  5 ( M P A  ) * 1 2 5 0  . 0 0 0 * 1 2 0 0 . 0 0 0
* S A T * T A B L E  6 ( M P A  ) * 3 8 0 . 0 0 0 * 3 1 0 . 0 0 0
* C H * F I G  1 8 * 1 . 0 0 0 * 1 . 0 0 0
* N * N U M B E R  O F  L O A D  C Y C L E S  » 1 0 * * 6 * 6 9 1 2 . 0 0 0 * 1 5 3 3 . 2 9 6
* C L * F I G  2 0 * . 8 0 5 * . 8 9  1
* K L * F I G  2 1 * . 8 7 4 * . 9 3 0
* C R . * T A B L E  8 * 1 . 0 0 0 * 1 . 0 0 0
* K R * T A B L E  8 * 1 . 0 0 0 * 1 . 0 0 0
* C T * C L A U S E  1 8 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* K T * C L A U S E  1 8 . 1 * 1 . 0 0 0 * 1 . 0 0 0
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* P I T T I N G * 2 * *
* P A C * K 1 0  * I * C V  * D P  » ( S A C  * C L  * C H  ) * 1 0 5 . 1 4 4 * 1 0 2 . 7 6 1
* ( K W ) * C S  * C M  * C F  * C A  ( C P  * C T  * C R  ) * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* B E N D I N G * * *
* P A T * K 1 0  * J * K V  * S A T  * K L  * M T * 1 0 2 . 6 1 8 * 1 0 0 . 1 0 6
* ( K W ) * K A  * K S  * K M  * K R  * K T * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SECTION 7
GEAR DESIGN T O AGMA 218.01
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7.1 Introduction
The combination of the preceding sections has led to the 
development of computer software for the design of spur or helical 
gears.
In designing a set of gears, an engineer usually knows only three 
pieces of data, namely, the power to be transmitted, the required 
gear ratio and a particular speed of rotation. With this data as 
a starting point, gear design constitutes a difficult set of 
computations, due to the nature of the trial and error approach, 
long associated with gear design.
The software that has been developed will design a set of gears to 
suit the requirements of **the three pieces of data*' approach, yet 
has sufficient flexibility to accommodate the most stringent 
requirements of an experienced gear designer.
The ’’internal intelligence” of the software has been developed 
over a number of years, but in the absence of other constraints, 
aims to design the gears on the basis of an equal slide to roll 
ratio. It is the author’s firm conviction, based on both 
theoretical and more importantly numerous practical applications, 
that this approach yields the ’’best” set of gears for the majority 
of applications.
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7.2 Slide to Roll Ratio for Spur Gears at Standard Centres
The slide to roll ratio at any point in the mesh of two gears is 
defined as the ratio of the instantaneous sliding velocity to the 
instantaneous rolling velocity at that point. Since both 
components of the ratio vary directly with angular velocity, the 
ratio is independent of this value and is in fact dimensionless.
The rolling velocity is defined as the velocity of the point of 
contact over the surface in question due solely to the rolling 
action. It is equal to the product of the instantaneous radius of 
curvature at the point of contact and the angular velocity. In 
any mesh there will be two different rolling velocities, one for 
each member, due to the non-proportional differences in 
instantaneous radius of curvature and angular velocity. This 
indicates that sliding must occur at a velocity equal to the 
algebraic difference between the two rolling velocities.
It is clear that there is no value of slide to roll ratio peculiar 
to either member in isolation; it can only exist in relation to a 
pair at some specified point in their mesh.
The points usually chosen are the extremes of the path of contact.
. These points are sometimes referred to as "at start/finish of 
mesh" or "approach/recess" or similar. Under this type of 
convention it is necessary to know which member is driving before 
the definition is clear. In cases where the members drive 
alternately it can become confusing. Another convention refers to 
the same points as "at pinion/wheel tip” and this is independent 
of driver/driven sense.
In general terms, a high slide to roll ratio indicates a high 
sliding velocity, and a low ratio indicates a slow sliding 
velocity. This may not be true when contact occurs close to the 
base circle of either member as in this zone gross changes occur 
in the instantaneous radius of curvature as contact moves away 
from it. However, because of the high Hertzian stresses 
associated with this zone, designers try to avoid this condition 
and in most cases the above statement is generally true.
FIG. 7-1 VELOCITY OF SLIDING
FIG. 7 2 SIMPLIFIED REPRESENTATION OF
SLIDING AND ROLLING
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High sliding velocities in a mesh indicate high friction losses 
and resulting inefficiency. It has been found that differences in 
efficiency due to this cause are not large, and in many cases are 
not significant. However, such lost energy shows up as heat, and 
in some high power installations, a significant improvement in 
running temperature can be achieved by minimising sliding 
velocities.
High sliding velocities can also magnify wear rates leading to 
earlier than necessary failures.
In most cases designers will try to minimise sliding in the mesh. 
If the slide to roll ratio is made the same at the beginning and 
the end of the mesh, it is considered to be "balanced", with 
sliding held to a minimum. In general, a designer will attempt to 
produce a design with a reasonable degree of balance in the slide 
to roll ratios at the extremes of the contact path.
In the case of very slow moving gears it may be advantageous to 
design for a high slide to roll ratio at the beginning of mesh to 
make the sliding velocity high, and hence enhance the formation of 
a lubricant wedge at the start of the mesh.
The slide to roll ratio at the extremes of the mesh is very 
sensitive to changes in diameter, the degree depending on many 
factors. It can be shown that even manufacturing tolerances may 
produce a wide range in the ratio. The designer’s objective 
should be to achieve a general balance, within a tolerance range, 
rather than a precise mathematical balance. The following 
mathematical analysis will amplify the preceding comments, and 
should aid the designer in the selection of a balanced slide to 
roll ratio.
Suppose that the teeth A and B (shown in Figure 7.1) make contact
at a point a b distance x from the pitch point P. Now,
1 i
the pitch circles at P may be brought to rest by giving an equal 
and opposite velocity to the centres 0 and Q. When this is done,
P becomes the instantaneous centre of rotation of the line 
Pa^, and the point a^ on tooth A will then have a rolling 
velocity given by
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FIG. 7-3 COMMON NORMAL AT POINT OF CONTACT
VrA = V ^ P  = 2 v x = x o>2 (7.1)
QP D
in a direction at right angles to Pa^, while the point b^ 
on tooth B will have a rolling velocity given by
vrB = 2 v x  = x g >1 ( 7 . 2 )
d
in the same line, but opposite sense.
The rolling velocity of a^ relative to the rolling velocity of
b is the velocity of sliding between the teeth. Hence, i
Vs rA - VrB (7.3)
A clearer picture of the relative motion of the profiles is shown
in Figure 7.2. Here the profiles A and B are shown making contact
at points a and b at the fixed point F; at a later i i
instant both profiles will have moved in the direction of their
length with the appropriate velocities of rolling, and points
a and b will have arrived at F. When a a = b b 2 2 1 2  1 2
’’pure rolling” results.
Ideally, one would wish to design a gear set to minimise the 
amount of sliding between the gear teeth, with a greater emphasis 
on a rolling action. Experience has shown that this design 
concept enhances the life of the gears and facilitates smoother 
operation.
The following analysis shows the relative variation of sliding and 
rolling for different points of contact of involute teeth.
Figure 7.3 shows the common normal at the point of contact. If
the pitch point P is considered to be the origin of a set of
cartesian co-ordinates, which encompassses the maximum possible
path of contact I I , then Figure 7.4 can be drawn, to aid1 2
in the formulation of equations, for the calculation of the ratio 
of the sliding to the rolling velocity, at the point of contact, 
which is sometimes termed "specific sliding”.
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Considering Figure 7.4, the equations are as follows.
The line I^B^ represents the rolling velocity of point B.
y - 0 C sin(<J>t) w 1 - 0
- ----  = --- - -----------------  = Wl
x + r sin(^) R sin(4>^) + r sin((J>̂ )
y = x co + to r sinCtb, ) (i 4 )
1 1  t x '
y = mG “ 2 x + w 2 R sin(4>t) (7.5)
The line represents the rolling velocity of point A.
y - C sin(<J>£) to2 0 - C sin(4>t) <o2
-------- ;-------  = ---------------------  = - to2
x + r sin(4>t) R sin(4>t) + r sin(<j>t) 
y = - to2 x - to2 r sin(<j>t) + to2 C sin(<f>t)
y = - to2 x + <o2 R sin(4>t) (7.6)
From equation (7.3) the sliding velocity B C = B I  - I B
2 2 2  1 1
The line B^C represents the sliding velocity of A relative to B.
y = -co x + to R sin(<J> ) - 1  to x - to R sin(d> )
2 2 t G 2 2 M:
y = - to x (1 + m ) (7 .7 )
2 Vj
Similarly the specific sliding or slide to roll ratio is equal to
either the ratio of B C:I B or B C:B I .
2 1 1  2 2 2
The ratio of B C to I B represents the first case of 
2 1 1
specific sliding.
B2C - to2 x (1 + m̂ j)
IiBi u 2 mg x + to2 R sin(<t>t)
- (1 + itiq) x (7 .8 )y = ----------------------------
toq x + R sin(<J>t)
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FIG. 7-5 ROLLING AND SLIDING VELOCITIES AND 
" s p e c if ic  SLIDING OF INVOLUTE TFETH
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where
Similarly for the second case, with a change in the sign of B2C, 
B2C <02 X (1 + IHq )
B2I2 - to2 x + o>2 R sin(c|)̂ )
(1 + hiq) x
y = -------------  (7.9)
R sin((J>t-) - x
The curves S S and S S  in Figure 7.5 represent the specific 
1 1  2 2
sliding. At the point c, for example, the value of the specific
sliding for the gear on centre 0 is equal to cs/cr^, and for
the gear on centre Q it is equal to cs/cr , whilst I c and2 1
I c are the respective radii of curvature of the profiles at 
2
c. The value is unity when the point of contact reaches the
interference point of the mating gear; for the mating gear itself
the value is infinity. At the extremes of the approach and recess
paths, and Z& respectively, the specific sliding will be a
maximum for a particular set of gears. Hence the technique in
gear design is to distribute the addendum modification
coefficients in such a way, that Z. and Z cause the slide tob a
roll ratios to be approximately equal. It is clear from
inspection of Figure 7.5, that when the slide to roll ratios at
thè extremes of the path of contact are equal, they are also a
minimum. From equations (7.8) and (7.9), the slide to roll ratios
will be equal when -Z. is substituted for x and Z isb a
substituted for x, providing that:
zb za
R sin(<t>̂ ) - mg Zfo R sin(<J>t) - Za 
Rearranging gives
za ~ zb “G “ 1 
Za Zb R sin(4>t)
„ r 2 2 , 0 . 5  r 2Z = [r - r ] - [ra o b
Zb = [Ro - ^ )0'5 - [r2
2 ,0 . 5
-  V
- < 1 ° ' 5
(7.10)



















.7 -6  BS PD6L57 APPROXIMATION FOR EQUAL SLIDE TO ROLL
FIG. 7-7 DAVEY'S APPROXIMATION FOR EQUAL SLIDE TO ROLL
157
Equation (7.10) has proven to be insoluable in terms of making the 
addendum modification the subject of the equation. However, BSI 
PD6457 (15) has proven to be some source of encouragement in that 
Appendix A2, equation (2.3), suggests an approximate solution to 
equation (7.10).
Assuming unit module, then R - 0.5 m N ,  the approximationG P
being due to the fact that R is a function of the sum of the 
addendum modifications. Hence equation (7.10) becomes
Za - Zb 2 (1 - 1/mc) 
za zb NP sin(<J>t) 
Rearranging gives
/Np (Za - Zb ) sin(<f>t) 2 1
zazb /Np . mç
(7.11)
The corresponding equation from BS PD6457 for the special case
when x„ = -x is:P G
2 f 1Xp  =  11 - —  -
/Np l mQ .
Hence if equation (7.10) is solved by an iteration process in a 
computer, then the ratio of the exact value for xp to that of 
the BS PD6457 approximation is
EXACT xp Za Zb (7.12)
APPROX /Np (Za - Zb) sin(4>t)
where xp is from equation (7.10).
Equation (7.12) is plotted as Figure 7.6, which shows that for 
pinion teeth numbers less than 25, the BS approximation is too 
small, whilst for pinion teeth numbers above 25, the BS 


























FIG. 7- 9 THE SLIDE TO ROLL RATIO AS A FUNCTION OF Z
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If one assumes that the error is approximately linear, varying 
from a value of 1.12 at Np = 10 to 0.80 at Np = 50, then the 
error can be expressed as
E = 1.2 - 0.008 N (7.13)
Hence a better approximation of BSI PD6457 equation (2.3) may be






Equation (7.14) is plotted as Figure 7.7. However, for all 
practical purposes, the formula advocated by BSI PD6457 may be 
utilised. If for some reason the exact solution is required, then 
equation (7.10) can be solved by an iteration process.
To give a clearer picture of the effect of addendum modification
on Z and Z, , and hence the slide to roll ratio, it is a b
beneficial to analyse an example. Consider a spur gear set with 
an input speed of 1 rad/sec, having 20 pinion teeth and 100 wheel 
teeth. The gears are accurately manufactured, utilising a unit 
module ISO 53 cutter, and have addendum modifications such that 
xp = -xG , causing the gears to run at standard centres.
Further, to ensure that only ’’real’’ gear sets were analysed, the 
following limitations were placed on the combinations being 
considered:
The involute clearance coefficient, C^, was set at 0.02 
(refer to Section 7.3).
The bottom clearance coefficient, Cy , was set at 0.10.
The tip width coefficient, C^, was set at 0.20 (refer to 
Section 7.4).
The total contact ratio, m^, was set at 1.1.
Figure 7.8 shows the effect of addendum modification on the
approach path, Z. , and the recess path, Z . It should be b a
noted that in this example, it is possible for the gears to 
operate with no approach path, when xp exceeds +1.0, ie, when 
the outside diameter of the gear equals the standard pitch circle 
diameter. The slide to roll ratio as a function of the approach 























































FIGURE 7-10 EQUAL SLIDE TO ROLL RATIO
P ITT ING  R ES I ST A N C E  G E O M E T R Y  FACTOR  I


















It is of interest to note that if the gears are manufactured with
no addendum modification, ie x = -x =0.0, then Z, =2.734P G b
and Z = 2.298, corresponding to a slide to roll ratio on thecL
pinion of 0.931 and on the wheel of 4.785. However, if Xp 
= -xG = 0.372, then Z^ = 1.758 and Z& = 2.984, corresponding 
to a slide to roll ratio of 1.268 on both the pinion and wheel. 
Figure 7.10 illustrates this particular point.
The slide to roll ratio has some effect on the scuffing and
lubrication of the gears, which in turn can be reflected in the
wear rate. Hence, as AGMA 218.01(4) rates gears as a function of
the pitting resistance geometry factor, I, it would be prudent to
examine I as a function of addendum modification, which by
implication is a function of the approach path, Z. , and theb
recess path, Z^. The relationship of I as a function of 
addendum modification is shown in Figure 7.11.
An appreciation of the correct choice of addendum modification on 
the slide to roll ratio, as reflected in the pitting resistance 
geometry factor, can be obtained by superimposing Figures 7.8 to 
7.11 inclusive, as shown in Figure 7.12.
From Figure 7.12 it will be seen that when the gears are cut with
no addendum modification, S - S =3.85 and I = 0.112. However,P G
when the addendum modifications are xp = -xG = 0.372,
Sp - SG =0.00 and I = 0.135, representing an increased 
pitting resistance power rating of approximately 20%.
It has been the author’s experience that when an existing gear set 
is exhibiting marked signs of wear, a change in the addendum 
modifications (to equalise the slide to roll ratio) has on 
occasions rectified the problem. Hence an increased pitting 
resistance power rating would appear to be justified. As to the 
order of magnitude of any increase, each reader will have their 
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The problem is further exacerbated, if in the example being
considered, the addendum modifications were x = -x = +1.330.
Jr o
In this instance, I = 0.171, representing an increase in the 
pitting resistance power rating of approximately 52%, whilst 
=2.26. It should be noted, that in order to meetP G
the set constraints for C , Cy , and mT , the pinion and 
wheel were truncated 0.191 mm and 0.003 mm respectively.
This observation indicates that the geometry factor for pitting 
resistance, I, and consequently the wear rating, is independent of 
the slide to roll ratio.
To understand the relationship between I, and the slide to roll 
ratio, it would appear prudent to derive the AGMA 218.01 pitting 
resistance power rating equation from first principles.
From Figure 7.13 it can be seen that
P = f(W , d, n ) ac n P
2 ir np d Wn cos(4>̂ -)
60 x 2 x 103 x 103
nP ^ wn cos(4>t)
1.91 x 107
(7.15)
The classical treatment of the stress conditions and deformation 
at the surfaces of elastic bodies making point or line contact is 
due to Hertz. The formulae for the case of cylinders in line 
contact are as follows:
sac (7.16)
where C = [ir{(l-y2)/E + (l-y2)/E }]p 1 1  2 2 (7.17)
-1 6 4
FIGURE 7-13 TOOTH CONTACT IN TRANSVERSE PLANE
FIGURE T A L  DIAGRAM FOR HERTZIAN RADII R, AND R2
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Rearranging equation (7.16) yields
W = n
s 2 R Rac i 2
C . . R + RP l 2
From Figure 7.14 it can be seen that
R + R = R„ + R„ 1 2 P G
Rp = d sin(<J>t)/2
R = D sin(4> )/2 G t
But D = in d G
.*. RQ = mQ d sin(4>t)/2
Combining equations (7.19) to (7.21) yields
R^ + R^ = d sin(<J>̂ ) [mG + l]/2
Combining equations (7.18) and (7.22) yields
W = n
ac 2 F R R 1 2
d sin(<J>t)[mG + 1]
Let C = x
R R 1 2
Rp R(
Combining equations (7.20), (7.21) and (7.24) yields













2 [mG + 1]
(7.26)
and I = C C (7.27)c x
Combining equations (7.25) to (7.27) yields 
2 R R
I = -------- -— ------ (7.28)
d2[mG + l]tan(4>t)
Combining equations (7.23) and (7.28) yields
W = n
2
ac d F I
cos(<J>t)
(7.29)
Combining equations (7.15) and (7.29) yields
n_ F I T d s 1 P ac
ac 1.91 x 107 L C JP
(7.30)
which is directly comparable with equation (5.5M) of AGMA 218.01, 
when the derating factors are included.
In considering the pitting resistance power rating, P ,cLC
particular attention should be directed towards the geometry 
factor, I, as defined by equation (7.28).
For a particular gear set m is a constant, whilst d and 4>G t
are approximately constant, only varying if the sum of the addendum
modification coefficients is not zero. Hence one may conclude that
the geometry factor for pitting resistance, I, is approximately
proportional to the product of R and R . From equation1 2
(7.19) it will be observed that the sum of R and R is1 2
also approximately constant, as R and R are a function of dP G
and <j>̂.
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Hence mathematically, the technique to maximise I, is one of 
selecting two numbers such that their product is a maximum, whilst 
the sum of the two selected numbers must be constant. This can be 
achieved by selecting two equal numbers.
The conclusion to be drawn from this axiom, is to increase R ,i
whilst reducing R , remembering that R and R are2 1 2
analogous to the radii of the two Hertzian cylinders from which the
pitting resistance power rating was derived. Figure 7.11
illustrates this observation, in that an increase in the pinion
addendum modification coefficient has the direct effect of
increasing R , as the base pitch, p. , is a constant. i b
With reference to Figure 7.14, it will be observed that if R^ 
equals Rp, then the equivalent Hertzian cylinders will contact at 
the pitch point. For the particular spur gear example being 
considered, this phenomenon will occur when,
r = [{r sin(<|> ) + p }2 + {r cos(<|> )}2]°'5 o t b s
= [{10 sin 20° + ir cos 20°}2 + {10 cos 20°}2]°*5 
= 11.354
As the outside radius of the unmodified pinion is 11.0 mm, then an 
addendum modification coefficient of + 0.354, will achieve an 
increase in R , such that the point of mesh is at the pitch 
point.
Figure 7.12 indicates that as the addendum modification coefficient
of the pinion increases from - 0.57 to + 0.354, the pitting
resistance geometry factor increases and the absolute value of the
difference in the slide to roll ratios decreases. However, as xp
is increased beyond + 0.372, I continues to increase, whilst
S - S increases. This appears to be an inconsistent piece G P
of logic, in that one obtains a benefit in the wear rating as a 
function of a reduction in the slide to roll ratio up to the pitch 
point, but beyond this point, the benefit continues whilst the 
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FIGURE 7-15 GEOMETRY FACTOR I AS A FUNCTION OF IZ c I
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It would appear to be better if the pitting resistance geometry
factor decreased as R was extended past the pitch point, thus
1
bearing a symmetrical correlation to the slide to roll ratio. The 
AGMA 218.01 variable controlling this phenomenon is Z^, the 
distance on the line of action from the pitch point to the point of 
stress calculation. If equation (6.14) of AGMA 218.01 were to be 
modified to incorporate the absolute value of Z^, then a 
symmetrical correlation between the pitting resistance geometry 
factor and the slide to roll ratio could be achieved. The effect 
of this modification is shown in Figure 7.15.
For clarification, the two Hertzian cylinders have been added to 
Figure 7.14, together with the velocity diagrams, the combination 
being shown in Figure 7.16.
By an analysis similar to that of equations (7.1), (7.2) and (7.3),
the specific sliding or slide to roll ratio, S , for the tip of
G
the wheel, at point "a" on the pinion tooth is,





It is apparent from Figure 7.16, that the slide to roll ratio will 
vary along the path of contact. Conventionally, the slide to roll 
ratio is calculated at the extremes of the path of contact. Hence, 
if in Figure 7.16, point "aM is at the end of the path of contact, 
such that ab = Z, then,
R2 = [R* - r£]°*5 (7.32)
R = C sin(<J>, ) - R (7.33)1 t 2
Combining equations (7.31), (7.32) and (7.33) yields
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FIGURE 7-16 SPECIFIC SLIDING OR SLIDE TO ROLL RATIO
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SG =
Np IR0 - V2,0.5
Ng{C sin(* ) - [Rq - R^]°*5}
- 1 (7.34)
Similarly, the slide to roll ratio Sp , for the tip of the pinion, 





rb ] --------- 12-0.5-»
rb ] }
(7.35)
Rearranging equation (7.34) with m = N /N givesG G P
2.0.5
SG
(1 + m^) [Rq - R^] “ mQ c sin(4>t)
in ,{C sin(<t.t) - [R* - R^]°'5)
(1 + ro ) {[R"* - Rf]°'5 - R sin(<t>.)}
S = --------- 2---- ---------------------1— (7.36)
G m {r sin(4> ) + R sin(<t>t) - [R* - R^]°'5}
From Figure 7.16 it can be shown that
Z = [R* - R j V ' 5 - R sin(<t>t) (7.37)
Combining equations (7.36) and (7.37) yields
SG
(1 + mG ] Zb
R sin(<|»t) - mGZb
(7.38)
b ’which may be compared to equation (7.8) when x = -Z.
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Similarly, equation (7.35) can be shown to be
P
[1 + V  za
R sin(<b, ) - Zt cL
(7.39)
which may be compared to equation (7.9) when x = Z^.
Hence it can be seen from equations (7.38) and (7.39) that the 
slide to roll ratio is a function of the approach and recess 
paths. Similarly equations (6.2), (6.7), (6.11), (6.12) and (6.14) 
of AGMA 218.01 show that the geometry factor for pitting 
resistance, I, is a function of the recess path, Z^.
As the slide to roll ratio has an effect on the scoring and 
scuffing wear failure mode, one would expect to find a correlation 
between the slide to roll ratio, and the pitting resistance.
The suggested modification for spur gears, is to only consider the
absolute value of the variable Z , in the calculation of thec
pitting- resistance geometry factor, I.
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FIGURE 7-17 TIP TO ROOT FILLET INTERFERFNP.F
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7.3 Tip to Root Fillet Interference
When addendum modifications are beyond those normally recommended, 
the potential exists for the tip of one gear and the root fillet 
of the other gear to come into contact. This situation is 
illustrated in Figure 7.17, from which one may calculate the 
maximum allowable tip radius of the wheel.
By inspection from Figure 7.17,
_  m * __ * . . N 2 2 a O • 5
Rpp = [< C  8 i n ( * t ) -  x )  +  r  ]
r _  2 2 - 0 . 5x = [R - R. ] m om b
Rearranging and solving for R yieldsom





r om - [<C sin(V  - (RFG - W ' *  + rb ]°'5 (7’43)
Having calculated the maximum allowable tip radius, the actual tip
radius of the gear must be less. Experience has shown, that if
the involute clearance per unit module is approximately 0.05, then
the gear set will operate satisfactorily. An inspection of Figure
7.17 shows that the involute clearance is less than R - R .om o
The involute clearance is
CIG = [<C sin(4>t) - xI)2 + r2]0 -5 - (7.44)
xT = [R2 - R2]0 '5 (7.45)I o b
Rearranging gives
.r . . . 2  2,0.5,2 2,0.5 „
CIG = t{c sui(*t) - (R0 - V  1 + rb ] - R] (7.46)
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Similarly,
CIp = ICC sin(V  - (r* - r^)°-5}2 + e£]°-5 - E ^  (7.47)
If C^p or C is less than 0.05 per unit module, then it is 
suggested that the outside radius of the offending gear be reduced.
This reduction in the outside radius is sometimes referred to as 
’’topping”, or more correctly, radial tooth truncation. In order 
to calculate the required amount of radial tooth truncation, the 
preceding equations must be rearranged, to obtain a specified C .
Recalling equations (7.44) and (7.45) and rearranging similar to 
equation (7.42) gives
-  .  \  2 2 . 0 * 5  _CIG = [<C 8in(* ) - Xx) + r ] - Rpp (7.44)
XI = [Ro -  ^ ] ° ' 5 (7.45)
„ r ♦ r. N , „ .2 2.0.5,2 „2,0.5 (7.48)
E o = [ { C  sin(<t>t ) -  ( ( E pp +  C I G ) -  r b ) } +
Similarly,
rQ = [{C sin(<t.t) - ( (Efq + CIp)2 - E^)0'5}2 + r2]°‘5 (7.49)
It is of interest to note, that whilst Buckingham (90 has 
developed similar equations, he has a different set of equations, 
which are unique for a rack and pinion gearset. However, when the 
computer program of APPENDIX A has 100,000 ’’wheel teeth" to 
simulate a rack, equations (7.46) and (7.47), yield involute 
clearances commensurate with those from Buckingham’s equations for 
rack and pinion gear sets.
A computer analysis utilising the preceding equations may be found 
in Section 7.1 of APPENDIX C.
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7.4 Top Land Width Coefficient
The top land width coefficient, C , controls the width of thew
tooth at the tip to ensure that there is sufficient thickness.
For gears that are to he surface heat treated, the tip thickness 
should be increased in conformity with good engineering practice. 
Experience has shown, that if the top land width coefficient per 
unit module is approximately 0.4, then the gear design will be 
satisfactory for most applications.
The width of the crest or top land of a tooth, measured as a chord 
in the normal plane, may be calculated as follows
1. Calculate the transverse reference arc tooth thickness t ..st
t = {m [0.5tr + 2x tan(<|> )] - B /cos(<J> )}/cos(I|I ) (7.50)st n c N c Ts
2 . Calculate the tip helix angle
Iff = tan X[r tan(Iff )/r ] (7.51)1 o o ' s s
where r is the reference pitch radius, s
а. Calculate the tip transverse pressure angle 4>q .
4> = cos-1(r./r ) (7.52)^o b o
4. Calculate the transverse arc tooth thickness at the top land t . .ot
t , = 2r [0.5 t ,/r + inv(4> ) - inv(cj> )] (7.53)ot o st s s o
5 . Calculate the projected transverse half tip angle
G. = 0.5 t . cos^ (Iff )/r (7.54)h ot 1o o
б . Calculate the top land width in the normal plane tQ .
t = 2rQ sin(^)/cos(Ifo ) (7.55)
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Calculate the top land width coefficient C^.
CT = t /m (7.56)W o n
However, if it is desired to find the value of r to give ao
required crest width, then equations (7.51) to (7.55) inclusive 
must be solved by a trial and error process. This procedure may 
be accelerated by the use of Newton*s Method for iteration.
Combining equations (7.52) and (7.53) gives
t0t °*5 tst inv(4>s ) tan(4>0) 4>0
+ ------------------+ (7.57)
2rb rs cos(<t>0) cos(<J>0) cos(<J>0) cos(c|>0)
From equations (7.55), (7.56) and (7.57)
Let C = 0.5 m CT7/[r. cos(f )] (7.58)1 n W b T o
and C = 0.5 t ,/r + inv(<J> ) (7.59)
2 st s s
f(cb ) = C sec(d> ) - tan(<|> ) sec(<|> ) + <J> sec(4> ) - C (7.60)o  2 0 o  0 0 0 1
Now f * [sec(4> )] = tan(<J> ) sec(<|> ) “o o o
and f ' [tan(<J> )] = sec2(<J> ) o o
f*(4> ) = C tan(<|> ) sec(<|> ) - [tan2(4> ) sec(<J> ) + sec3(6 )]0 2 O O  O 0 . 0
+ [<J> tan(4> ) sec(<|> ) + sec(<|> )] o o o o
= sec(<|> ) [C tan(<|> ) - tan2(<t> ) - sec2(6) + <t> tan (6) + 1]0 2  O O O O  O
Now 1 - sec2(4> ) = - tan2(4> )o o
f * ) = sec(4>o) tan(4>Q) [C^ - 2 tan(4>Q) + 4>q] (7.61)
Newton's Method of iteration may be expressed as
d>r 1 ==<t> r i _ f ( r 1)/f*(c|) r -, )vo[n+i] ^o[n] ^o[n] o[n] (7.62)
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Combining equations (7.60), (7.61) and (7.62) yields
^otn+i] - ^oin] “ C 2 “ tan(<J>0 [n ]) - <|>o[n] “ ci cos ^o[n]^ (7.63)
tan(4>otn]) [C2 - 2 tan(<j>0 [n ]) + 4>0 [n]l
The procedure to find r for a specified C is as follows
o w
i . For the existing gear calculate-t from equation (7.50)
2 . For the existing gear calculate r and r and theno s
calculate and <J>q from equations (7.51) and (7.52) 
respectively.
3 . Calculate C and C from equations (7.58) and (7.59)
1 2
respectively.
4 . Iterate equation (7.63) where d> . , is the value of <f>o [ 1 ] o
calculated in Step 2.
Calculate the new from equation (7.52). For helical
pinions, it may be necessary to repeat steps 2 to 5, with the
new value of r substituted for the original value of r .o o
Calculate the new Ct7 from equations (7.51) to (7.56) inclusiveW
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7.5 An Example of the Use of the Computer Program
W O L L O N G O N G  U N I V E R S I T Y  -  S C H O O L  O F  M E C H A N I C A L  E N G I N E E R I N G  
A N A L Y S T :  R O B E R T  D A V E Y  D A T E :  9 T H  J A N  1 9 8 9
T H E S I S  E X A M P L E  -  H E L I C A L  G E A R S
S P E C I F I E D  R A N G E S  O F  D E S I G N  R E Q U I R E M E N T S .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D E S C R I P T I O N
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *




S Y M B O L * M IN IM U M  * M A X IM U M *
*
U N I T S
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I * P A C P  * 1 0 0 . 0 0 0  * 1 2 0 . 0 0 0 * K W
N * P A C W  * 1 0 0 . 0 0 0  * 1 2 0 . 0 0 0 * K W
P * P A T P  * 1 0 0 . 0 0 0  * 1 2 0 . 0 0 0 * K W
U * P A T W  * 1 0 0 . 0 0 0  * 1 2 0 . 0 0 0 * K W
T * C  * 1 5 0 . 0 0 0  * 1 6 0 . 0 0 0 * MM
* F  * 5 0 . 0 0 0  * 6 0 . 0 0 0 * MM
D * R P M P  * 1 4 4 0 . 0 0 0  * 1 4 4 0 . 0 0 0 * R P M
A * N P  * 2 5  * 3 0 *
T * MG  * 2 . 6 0 0  * 2 . 7 0 0 *
A * P S I S  * 1 0  00  ’ 0 0  " * 1 5  0 0  ’ 0 0 " * DMS
* L I F E P  * 4 0 0 0 0 . 0 0 0  * 4 0 0 0 0 . 0 0 0 * H O U R S
* L I F E W  * 4 5 0 0 0 . 0 0 0  * 4 5 0 0 0 . 0 0 0 * H O U R S
* S H P  * 4 5 0 . 0 0 0  * 6 0 . 0 0 0 * B H N / R C
* SH W  * 3 0 0 . 0 0 0  * 5 5  . 0 0 0 * B H N / R C
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
W E A R  PO W E R  R A T I N G  P I N I O N  *
W E A R  P O W E R  R A T I N G  W H E E L  *
S T R E N G T H  PO W E R  R A T I N G  P I N I O N  * 
S T R E N G T H  PO W E R  R A T I N G  W H E E L  * 
C E N T  D I S T A N C E  S T E P S  O F  1 . 0 0  MM* 
F A C E  W I D T H  S T E P S  O F  1 . 0 0  MM* 
R E V O L U T I O N S  / M I N U T E  P I N I O N  * 
N U M . P I N I O N  T E E T H  S T E P S  O F  1 *
G E A R  R A T I O  *
H E L I X  A N G L E  S T E P S  O F  1 . 0  D E G *  
D E S I G N  L I F E  P I N I O N  *
D E S I G N  L I F E  W H E E L  *
S U R F A C E  H A R D N E S S  O F  P I N I O N  * 
S U R F A C E  H A R D N E S S  O F  W H E E L  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S P E C I F I E D  D E S I G N  F A C T O R S  O F  A G M A  2 1 8 . 0 1  ( D E C  1 9 8 2  )
* * * ♦ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S T E P S Y M B O L *
*
P I N I O N  » W H E E L
*
* C L A U S E
*
* D E S C R I P T I O N
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I Q V  * 8 * 6 * 8 . 3 * Q U A L I T Y  N U M B E R  F R O M  A G M A  3 9 0
N C A  * 1 . 0 0 0  * 1 . 0 0 0 * 9 . 1 * A P P L I C .  F C T . F O R  P I T T I N G  R E S .
P K A  * 1 . 0 0 0  * 1 . 0 0 0 * 9 . 1 * A P P L I C .  F C T .  F O R  B E N D I N G  S T R .
U C F  * 1 . 0 0 0  * 1 . 0 0 0 * 1 1 . 0 * S U R F A C E  C O N D I T I O N  F A C T O R
T C S  * 1 . 0 0 0  * 1 . 0 0 0 * 1 2 . 2 * S I Z E  F C T .  F O R  P I T T I N G  R E S .
K S  * 1 . 0 0 0  * 1 . 0 0 0 * 1 2 . 2 * S I Z E  F C T .  F O R  B E N D I N G  S T R .
D C M T  * 1 . 0 0 0  * 1 . 0 0 0 * 1 3 . 2 . 1 * T R A N S V E R S E  L O A D  D I S T R I B .  F C T .
A CM C * 1 . 0 0 0  * 1 . 0 0 0 * 1 3 . 2 . 2 * L E A D  C O R R E C T I O N  F A C T O R
T C P M  * 1 . 1 0 0  * 1 . 1 0 0 * 1 3 . 2 . 2 . 1 * P I N I O N  P R O P O R T I O N A L  M O D I F I E R
A C E  * 1 . 0 0 0  * 1 . 0 0 0 * 1 3 . 2 . 2 . 1 * M E S H  A L I G N M E N T  C O R R E C T I O N  F C T .
F P  * 6 4 . 0 0 0  * 6 4 . 0 0 0 * 1 5 . 2 * S U R F A C E  F I N I S H  ( M I C R O I N C H E S )
C R  * 1 . 0 0 0  * 1 . 0 0 0 * 1 7 . 0 * R E L I A B I L I T Y  F C T .  P I T T I N G  R E S .
K R  * 1 . 0 0 0  * 1 . 0 0 0 * 1 7 . 0 * R E L I A B I L I T Y  F C T .  B E N D I N G  S T R .
C T  * 1 . 0 0 0  * 1 . 0 0 0 * 1 8 . 0 * T E M P E R A T U R E  F C T .  P I T T I N G  R E S .
K T  * 1 . 0 0 0  * 1 . 0 0 0 * 1 8 . 0 * T E M P E R A T U R S  F C T .  B E N D I N G  S T R .
I D L E R  * 2 * 1 * 1 4 . 4 . 1 * N U M B E R  O F  G E A R S  I N  C O N T A C T
B U T T  * Y E S  * N O * 6 . 3 . 2 . 3 * B U T T R E S S I N G  O F  G E A R
R O U G H  * N O  * NO * T A B L E  2 * I N A C C U R A T E  S P U R  G E A R S
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SPECIFIED LIMITS FOR ADDENDUM MODIF ICATION COEFFICIENTS.
................................................................................................................ ............................................................... ...............................
* * * 1 * 2 * 3 • 4 *
............................................................ ... ...................................... ......................................... ... ..............................................................................................
» CURVE * 2 * OPEN GEARING »COMMERCIAL ENCLOSED*PRECISION ENCLOSED*EXTRA PRECISION *
*TOTAL * 4 * I SO RECOMMENDED * I SO CONVENTIONAL *B.S. RECOMMENDED »UNLIMITED *
•ALLOT*2*ISO DI STRIBUTION * B .S. DISTRIBUTION »EQUAL BND STRENGTH•EQUAL SLIDE/ROLL*
C U R V E  = C U R V E  F O R  A L I G N M E N T  F A C T O R  ( A G M E  2 1 8 . 0 1  F I G  1 0  ) 
T O T A L  = S U M M A T IO N  O F  X ( 1 )  &  X ( 2 )
A L L O T  = D I S T R I B U T I O N  O F  X ( l )  &  X ( 2 )
I S O  =  I N T E R N A T I O N A L  S T A N D A R D  I S O / T R  4 4 6 7  -  1 9 8 2  ( E )
B . S .  =  B R I T I S H  S T A N D A R D  P D  6 4 5 7  -  N O V  1 9 7 0
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W O L L O N G O N G  U N I V E R S I T Y  -  S C H O O L  O F  M E C H A N I C A L  E N G I N E E R I N G  
A N A L Y S T :  R O B E R T  D A V E Y  D A T E :  9 T H  J A N  1 9 8 9
T H E S I S  E X A M P L E  -  H E L I C A L  G E A R S  
G E A R  R A T I N G  T O  A G M A  2 1 8 . 0 1  ( D E C . 1 9 8 2 ) .
**************************************************** * * * * * * * * * * * * * * * * * * * * * * * *
* S Y M B O L
* ** ** ** ** *
N * N U M B E R  O F  T E E T H 2 7  * 7 2
R P M * S P E E D  O F  R O T A T I O N ( R E V / M I N )  « 1 4 4 0 . 0 0 0  * 5 4 0 . 0 0 0
F * F A C E  W I D T H  (M V i) 5 1 . 0 0 0  * 5 1  . 0 0 0
P S I S * H E L I X  A N G L E  ( D M S ) 1 2  0 0  ’ 0 0 "  * 1 2  0 0  ’ 0 0  "
M N * N O R M A L  M O D U L E  (M V i) 3 . 0 0 0  * 3 . 0 0 0
M T * T R A N S V E R S E  M O D U L E (M M ) M T = M N / C O S ( P S I S )  * 3 . 0 6 7  * 3 . 0 6 7
D * O P E R A T I N G  P I T C H  C I R C L E D I A M E T E R  (M V I) * 8 4 . 5 4 5  * 2 2 5 . 4 5 5
* * ********
K 1 0





D E S C R I P T I O N P I N I O N
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
F  * R P M P  * D P  / ( 1 . 9 1 * 1 0 * * 7 )
N U M B E R  O F  G E A R S  I N  C O N T A C T  
G E O M E T R Y  F A C T O R  F O R  P I T T I N G  R E S  I S T A N C E  
G E O M E T R Y  F A C T O R  F O R  B E N D I N G  S T R E N G T H  
S U R F A C E  H A R D N E S S  ( R C )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
V T * P I  * R P M P  * D P  / 6 0 0 0 0  ( M / S E C ) * 6 . 3 7 5  * 6 . 3 7 5
Q V * Q U A L I T Y  N U M B E R  -  A G M A  3 9 0 * 8 * 6
C V * F I G  7 * . 7 7 3  * . 6 7 9
K V * F I G  7 * . 7 7 3  * . 6 7 9
C A * C L A U S E  9 . 1 * 1 . 0 0 0  * 1 . 0 0 0
K A * C L A U S E  9 . 1 * 1 . 0 0 0  * 1 . 0 0 0
C P * T A B L E  4 ( M P A  * * 0 . 5 ) * 1 8 9 . 8 0 9  * 1 8 9 . 8 0 9
C F * C L A U S E  1 1 . 1 * 1 . 0 0 0  * 1 . 0 0 0
C S * C L A U S E  1 2 . 2 * 1 . 0 0 0  * 1 . 0 0 0
K S * C L A U S E  1 2 . 2 * 1 . 0 0 0  * 1 . 0 0 0
C M T * C L A U S E  1 3 . 2 . 1 * 1 . 0 0 0  * 1 . 0 0 0
C M C * C L A U S E  1 3 . 2 . 2 . 1 * 1 . 0 0 0  ‘ 1 . 0 0 0
F / D * F A C E  W I D T H  T O  D I A M E T E R  R A T I O * . 6 0 3  * . 2 2 6
C P F * F I G  8 * . 0 4 8  » . 0 4 8
C P M * C L A U S E  1 3 . 2 . 2 . 1 * 1 . 1 0 0  * 1 . 1 0 0
C M A * F I G  1 0  ( C U R V E  2 ) * . 1 5 8  * . 1 5 8
C E * C L A U S E  1 3 . 2 . 2 . 1  ■ * 1 . 0 0 0  * 1 . 0 0 0
C M F * 1 . 0  +  C M C  * ( C P F  * C P M + C M A * C E ) * 1 . 2 1 1  * 1 . 2 1 1
C M * C M F  * C M T * 1 . 2 1 1  * 1 . 2 1 1
K M * C M F  * C M T * 1 . 2 1 1  * 1 . 2 1 1
S A C * T A B L E  5 ( M P A  ) * 1 2 5 0 . 0 0 0  * 1 2 0 0 . 0 0 0
S A T * T A B L E  6 ( M P A  ) * 3 8 0 . 0 0 0  * 3 1 0  . 0 0 0
C H * F I G  1 8 * 1 . 0 0 0  * 1 . 0 0 0
N * N U M B E R  O F  L O A D  C Y C L E S  * 1 0 * * 6 * 6 9 1 2 . 0 0 0  * 1 4 5 8 . 0 0 0
C L * F I G  2 0 * . 8 0 5  * . 8 9 2
K L * F I G  2 1 * . 8 7 4  * . 9 3 1
C R * T A B L E  8 * 1 . 0 0 0  * 1 . 0 0 0
K R * T A B L E  8 * 1 . 0 0 0  * 1 . 0 0 0
C T * C L A U S E  1 8 . 1 * 1 . 0 0 0  * 1 . 0 0 0
K T * C L A U S E  1 8 . 1 * 1 . 0 0 0  * 1 . 0 0 0
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
P I T T I N G * 2 * *
P A C * K 1 0  * I * C V  * D P  * ( S A C  * C L  * C H  ) * 1 0 3 . 4 1 8  * 1 0 2 . 8 1 6
( K W ) * C S  * C M  * C F  * C A  ( C P  * C T  * C R  ) * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
B E N D I N G * * *
P A T * K 1 0  * J * K V  * S A T  * K L  * M T * 1 0 5 . 1 8 9  * 1 0 0 . 8 1 4
( K W ) * K A  * K S  * K M  * K R  * K T * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * *
. 3 2 5
2
. 2 1 0  
.711 
5 5 . 0 0 0  
* * * * * * * * * * *
W H E E L
* * * * * * * * * * *
**********
. 3 2 5
1
. 2 1 0
. 6 2 5





As part of the ongoing programme of gear research being conducted 
at the University of Wollongong, a gear testing rig has been 
manufactured. The major aims of the tests carried out on the gear 
testing rig are to correlate both spur and helical gear power 
ratings to various national codes and to examine the effect of 
modified addenda on the performance of gears.
A comparison of gear rating procedures is particularly relevant at 
present, since the original Australian Standard B61 (22) (an
endorsement without modification of BS 436 (21)) has been replaced 
by AS 2938(5). The current Australian Standard, AS 2938, is based 
on AGMA 218.01(4). This Section will compare AS B61 power ratings 
of the four test gear sets with the power ratings as given by AGMA
218.01. Further, the introduction of the draft ISO International 
Standards 6336/1(23) and 6336/2(24) for the calculation of the 
surface durability has further compounded the problem.
To examine the effect of modified addenda, the gear testing rig 
includes two spur gear sets, identical in all respects, with the 
exception that one set is cut with zero addendum modifications, 
whilst the other set has addendum modifications to Clause 43 of 
BS 436. A conventional helical gear set and a third spur gear set 
designed for limited life complete the testing rig.
Because of energy considerations, and the fact that the gear 
testing rig was designed and commissioned in 1979 and 1980, when 
the Australian Standard for gear rating was AS B61., each gear set 
was designed to have a BS 436 nominal power rating of 2 kW.
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FIGURE 8.1 - THE GEAR TESTING RIG
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8 .2 The Gear Testing Rig
The gear testing rig is shown in Figure 8.1.
The gear testing rig comprises four sets of 2 kW 415 V AC motors 
each of which transmits ¡power through a gear pair to a DC motor 
connected up as a generator. The power is dissipated in a 
resistor bank which provides the load to the system.
Coupling between driving and driven components is by means of 
coneflex rubber couplings. Braking of gear sets 1-3 is achieved 
by means of electromagnetic brakes, whilst gear set 4 is braked by 
dynamic braking.
An integral electrical control system is utilised to maintain 
equilibrium of the system and to prevent excessive power loadings 
during start-up. The control system also has the ability /to 
reverse direction of the motors on a cyclic basis as well as to 
monitor time in service of each gear set and provide overload 
protection in the event of system failures occurring.
A BS 436 Class A2 cutter was utilised in the manufacture of all 
four gear sets, details of which are shown in Table 8.1. The 
symbols shown in Table 8.1 are AGMA 218.01 notation.
D e s c r ip tio n G e a r  S e t  1 G e a r  S et 2 G e a r  Set 3 G e a r  Set 4
P in io n W h e e l P in io n W h e e l P in io n W h e e l P in io n W h ee l
N um ber o f  teeth, N p  and N q 71 355 71 355 29 145 24 119
G ear R atio  , m o 5.00 5.00 5.00 4.96
R otational speed, np and n o (rpm) 1440 288 1440 288 1440 288 1440 290
H elix  angle, \j/ (deg) 0.0 0.0 0.0 0.0 37.0 37.0 0.0 0.0
N orm al m odule, mn (mm) 1.000 1.000 1.000 1.000 1.000 1.000 1.500 1.500
O perating P .C .D ., d and D (mm) 71.000 355.000 71.000 355.000 3 6.312 181.560 36.000 178.500
O perating centre distance, C (mm) 213.000 213.000 108.936 107.250
Facew idth, F (mm) 11 .0 11 .0 11.0 11.0 25.0 25.0 12.0 12.0
Addendum modification (mm) 0.320 -0.320 0.0 0.0 0.320 -0.320 0.479 -0.479
N orm al backlash (mm) 0.077 0 .134 0.077 0 .134 0.058 0.082 0.076 0.104
Constant chord height (mm) 1.030 0.465 0.748 0.748 1.030 0.465 1.544 0.698
Constant chord w idth (mm) 1.5 16 1.048 1.3 10 1.253 1.534 1.100 2 .3 12 1.668
M aterial specification  (2£) S10 40 S10 40 S1040 S10 40 S10 40 S1040 S1040 S1040
T en sile  strength (M Pa) 618 540 618 540 618 540 618 540
B rinell hardness (26) 179 152 179 152 179 152 179 152
R unning tim e (hrs/day) 24 24 24 24 24 24 0.5 0.5
TABLE 8.1 - DETAILS OF THE GEAR SETS
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It should be noted that of the four gear sets, only gear set 4 is 
a "hunting" ratio.
The choice of the small module for each gear set is as a result of 
the "optimum" design of the gear sets. The design procedure used 
was developed by Davey (27J and refined by Buchhom (28) and 
produces a design which generates the minimum excess power 
capacity.
The gears themselves may be categorised as "commercial gears". 
They, and other components such as brakes and couplings, have been 
selected to simulate an industrial environment rather than a high 
precision, rigorously controlled test environment. The pinion and 
wheel materials are identical in chemical composition, whilst the 
pinion is slightly harder than the wheel. The gear material is a 
40 carbon steel and corresponds to AS 1448/Grade S1040.
Lubrication of the gears is achieved using a splash lubrication 
system which has Mobil Grade 632 gear oil as the lubricant. The 
gear testing rig has two separate oil sumps; the first is common 
to gear sets 1, 2 and 3, whilst gear set 4 has an individual oil 
sump. This arrangement aims at removing the influence of 
lubrication when comparing the performances of gear sets 1 , 2 , and
3. Gear set 4 was expected to rapidly deteriorate and thus the 
foreign particles generated were separated from the other gear 
sets.
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8 .3 Power Ratings
The four gear sets have been rated to BS 436, AGMA 218.01,
ISO 6336/1 and 6336/2, and the results are summarised in Tables 
8.2 to 8.4. The symbols shown in Table 8.2 are BS 436 notation, 
whilst those in Tables 8.3 and 8.4 are AGMA 218.01 notation and 
ISO 6336 notation respectively.
The BS 436 strength rating is given by
X. S, Y F n_ N_ m 2 p b______ P P n
1.91 x 107 cos2 ip
and the BS 436 wear rating is given by
(8 .1)
Pc




The power ratings of the four gear sets as predicted by BS 436 are 
given in Table 8.2.
Description Gear Set 1 Gear Set 2 Gear Set 3 Gear Set 4
Pinion Wheel Pinion Wheel Pinion Wheel Pinion Wheel
Bending stress factor, Sj, (MPa) 169 131 169 131 169 131 169 131
Surface stress factor, Sc (MPa) 13.8 9.6 13.8 9.6 13.8 9.6 13.8 9.6
Strength speed factor, Xb 0.225 0.31 0.225 0.31 0.225 0.31 0.39 0.55
Wear speed factor, Xc 0.195 0.266 0.195 0.266 0.195 0.266 0.70 0.98
Strength factor, Y 0.91 0.82 0.86 0.88 0.68 0.59 0.76 0.66
Zone factor, Z 6.14 6.14 5.90 5.90 4.82 4.82 2.58 2.58
Strength rating, Pb (kW) 2.04 1.96 1.93 2.10 2.22 2.05 2.45 2.32
Wear rating, Pc (kW) 1.86 1.76 1.79 1.69 2.03 1.93 2.14 2.09
TABLE 8.2 - BS 436 POWER RATINGS
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The AGMA 218.01 strength rating is given by
n_ d K P v F mn s , K at L
at (8.3)1.91x10 K cos f K K K_ K_ a T s m K T
and the AGMA 218.01 pitting resistance rating is given by
"p F I cv
ac 1.91 x 10 C C C.C s m f a
d s C C 1 ac L H
C C C L p T R
(8.4)
The power ratings of the four gear sets as predicted by AGMA 218.01 
are given in Table 8.3.
Description Gear Set 1 Gear Set 2 Gear Set 3 Gear Set 4Pinion Wheel Pinion .Wheel Pinion Wheel Pinion Wheel
Allowable bending stress number, sat (MPa) 180 170 180 170 180 170 180 170
Allowable contact stress number, s^ (MPa) 600 590 600 590 600 590 600 590
Elastic coefficient, Cp (MPa)1/2 187 187 187 187 187 187 187 187
Transmission accuracy level number, Qv 8 8 8 8 8 8 8 8
Dynamic factors, Cv and Kv 0.79 0.79 0.79 0.79 0.84 0.84 0.84 0.84
Strength life factor, Kl 0.91 0.94 0.91 0.94 0.91 0.94 0.98 1.00
Pitting resistance life factor, Cl 0.87 0.90 0.87 0.90 0.87 0.90 0.95 0.99
Load distribution factors, Cm and Km 1.16 1.16 1.16 1.16 1.19 1.19 1.16 1.16
Strength geometry factor, J 0.511 0.441 0.478 0.467 0.456 0.433 0.459 0.396Pitting resistance geometry factor, I 0.138 0.138 0.131 0.131 0.245 0.245 0.134 0.134
Strength rating, Pat (kW) 3.36 2.83 3.14 2.99 4.52 4.19 2.8b 2.38
Pitting resistance rating, Pac (kW) 3.06 3.17 2.91 3.01 3.35 3.47 1.06 1.11
NOTE: The application factors Ca and Ka, reliability factors Cr and Kr, size factors Cs and Ks, temperature factors Cj and Kj, surface
condition factor Cf and hardness ratio factor Ch are all taken to be unity for both the pinion and wheel in each of the four gear sets.
TABLE 8.3 - AGMA 218.01 POWER RATINGS





mG F d "p
1.91 x lO'dag+DK^Kj^KHp
a„. . Z.TZ_Z_Z ZtTZ__ I Hlim N L R v W X
s . Z Z Z  Zp _H m m  H E c ̂
The surface durability ratings of the four gear sets as predicted by 
ISO 6336/1 and 6336/2 are given in Table 8.4.
D e s c r ip t io n G e a r  S e t  1 G e a r  S e t  2 G e a r  S e t  3 G e a r  S e t  4
P in io n W h e e l P in io n W h e e l P in io n W h e e l P in io n W h e e l
E ndurance lim it, OHlim (M Pa) 450 400 450 400 450 400 450 400
E la stic ity  facto r, Z g  (M Pa) 190 190 190 190 190 190 190 190
IS O  accuracy grade 7 7 7 7 7 7 7 7
D yn am ic factor, K v 1.35 1.3 5 1.35 1.3 5 1.35 1.04 1.05 1.05
T ransverse load  factor, K h « 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
L on gitud in al load  factor, K h b 1 .18 1.18 1.18 1.18 1.27 1.27 1.22 1.22
Z o n e  factor, Z h 2.49 2.49 2.49 2.49 2.09 2.09 2.49 2.49
H elix  facto r, Z g 1.0 1.0 1.0 1.0 0.89 0.89 1.0 1.0
C o n tact facto r, Z g 0.85 0.85 0.84 0.84 0.90 0.90 0.88 0.88
Z n Z ^ r Z vZ w Z x 1.1 1 .1 1.1 1 .1 1 .1 1 .1 1 .1 1 .2
S urface d u rab ility  rating, P a  (kW ) 3.32 2.62 3.38 2 .6 7 3.91 3.09 1 .1 1 1.02
N O T E : 1. T h e  ap p lication  factor K a , the safety facto r fo r contact stress Sn m in  and the helix angle  factor for contact stress, 
Z g  are  a ll taken to b e  unity fo r both the pinion and w heel in each o f  the four gear sets. '
2. Z n Z i ^ r Z vZ w Z x  is  the product o f  the life  factor for contact stress, the lubricant factor, the roughness factor for 
co n tact stress, the speed factor, the w ork  hardening factor and the size  factor for contact stress respectively.
TABLE 8.4 - ISO 6336 SURFACE DURABILITY POWER RATINGS
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8.4 Differences Between AGMA 218.01 and ISO 6336/DIN 3990
The following extract from the FZG- Report 1367 (29) prepared by the 
Technical University of Munich for the ISO Gear Rating Committee 
highlights the major theoretical differences between AGMA 218.01 and 
ISO 6336/DIN 3990 (30).
"In comparing the AGMA and DIN Standards it is important that 
differences in the calculation theory be identified. It is noted 
that the AGMA Standard pertains to pitting resistance and bending 
strength but does not address scuffing resistance. Also AGMA 218.01 
does not apply to internal gears for the calculation of bending 
strength.
The basic difference between AGMA and ISO/DIN is the calculation of
the geometry factor (J in AGMA, and Y , Y and Yp in ISO/DIN).F S
The following differences are noted:
i. AGMA includes the tensile stress from superposition of bending 
and compression. ISO/DIN accounts for just the bending in the 
normal stress calculation.
ii. AGMA utilises the Lewis parabola of constant stress for 
determination of the critical root section. It is noted that 
this method is dependent of load direction. ISO/DIN takes the 
distance between the points at which the tangents at an angle of 
30 degrees to the centre line of the gear teeth contact the root 
fillets. The critical tooth thickness by this method is 
independent of load direction.
iii. AGMA considers two load application points. For accurate gears
with good load sharing, the load is applied at the "highest
point of single tooth contact". For gears considered to not
have load sharing, the load is applied at the tip. ISO/DIN
considers two cases if the load is applied at the tip and
converted to an application at the "highest point of single pair
contact" with a "contact ratio factor" (Y ) or the load is
e
directly applied at the "highest point of single pair contact".
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iv. The stress correction factor accounts for the "notch effect" of
the root fillet. AGMA calculates the root fillet radius and
determines the stress correction factor from photoelastic
experiments done by Dolan and Broghamer (12J. The ISO/DIN
Standards calculate the fillet radius at the critical section
and determine the stress correction factor (Y ) by comparisonS
with actual stresses (eg measured in miniature strain gauge 
experiments with steel gears, calculated with finite element 
method, integral equations).
The ratings for pitting resistance in AGMA and ISO/DIN are based 
on the formulae developed by Hertz for contact pressure between 
two curved surfaces. There is no basic theory difference."
For a more detailed discussion on the apparent absence of an 
analysis of scuffing in AGMA as opposed to ISO/DIN standards, 
reference should be made to Section 7.2.
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8.5 Measurement of Gear Wear Using Photomicrographs
Because* of the small physical size of the gear teeth in each gear 
set, it was not possible to assess wear by direct physical 
measurement such as calipers or vernier gauges. After investigating 
various procedures including the use of surface roughness meters and 
optical microscopy, the measurement procedure adopted was the use of 
plastic replicas of the gear teeth and a profile projector. The 
procedure involves taking a replica of the gear tooth in question and 
using a profile projector to produce a magnified image. Verniers on 
the profile projector are used to measure the constant chord 
thickness (and hence wear) of the tooth.
On each of the eight gears, two teeth located diametrically opposite 
each other are marked and numbered position 1 and position 2. At 
operating intervals of approximately 500 hours running time, a 
replica is prepared of the designated gear teeth to determine the 
reduction in constant chord thickness.
Appreciating that it is difficult to use single values of tooth 
thickness to characterise the wear of an entire tooth surface, the 
constant chord thickness was selected as the datum as suggested by 
Clause 44 of BS 436.
The actual measurement of the constant chord thickness is carried out 
on a Nikon Model V-12 Profile Projector as shown in Figure 8.2. The 
micrometer heads which control the cross hairs can be read to 
0 .0 0 1 mm, once the image has been correctly focussed.
Tables 8.3 and 8.4 predict a power rating in terms of the pitting 
resistance which is different from the mode of wear being measured by 
the above technique. However, as it is difficult to quantify the 
measurement of pitting, the author chose to measure reduction in 
tooth thickness, which can be quantified, and then compare any 
apparent correlation. Fortunately, to date, the results have 
indicated a reasonable correlation between a reduction in tooth 
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FIG. 8-3 WEAR RESULTS FOR GEAR SET 1
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FIG. M  WEAR RESULTS FOR GEAR SET 2
8 . 6  Experimental Results
The tooth thicknesses measured using the procedure outlined in the 
previous section are summarised in Figures 8.3 to 8 . 6 inclusive, 
whilst Figures 8.7 to 8.14 inclusive show the pictorial record.
The accuracy of the optical measurement of the chordal thickness 
would at times appear to be questionable. For example, in 
Figure 8.3, the measurement of the wheel tooth thickness at position 
2 shows variations in chordal thickness that are of the same order of 
magnitude as the total measured wear. These variations were 
remeasured by the preparation of new tooth replicas which invariably 
verified the initial measurement. This observation led the author to 
the conclusion that apparent errors in measurement resulted from 
localised plastic deformation of the tips of the teeth which may have 
led to an error in the measurement of the chordal height and 
subsequently the chordal thickness.
It would be well to note that the pitch of the teeth of this test 
work border on the very fine end of those used for heavy duty 
industrial practices and that caution should be used in attempting to 
extrapolate findings to coarse pitch gearing.
From Tables 8.3 and 8.4 one may conclude, subject to qualification, 
that there is a reasonable correlation between the AGMA and ISO 
codes, both predicting approximately a 3 kW wear rating for gear sets 
1, 2 and 3. This is to be compared with Table 8.2 which shows a BS 
wear rating of approximately 2 kW. None of the codes considered 
predicts any appreciable difference in the wear ratings of gear sets 
1 and 2, although BS 436 recommends against the design utilised in 
gear set 2. From Figures 8.3, 8.4 and 8.5 it can be seen that the 
rate of wear as measured by tooth thickness is approximately equal 
for all pinions and wheels of gear sets 1, 2, and 3. This is in good 
agreement with theory as all the codes predicted approximately the 
same relative wear ratings for all pinions and wheels. However, 
whether the rating should be 2 kW or 3 kW cannot be ascertained at 
this point as the gears have operated for only 9 , 0 0 0  hours out of 
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FIG. 8-5 WEAR RESULTS FOR GEAR SET 3
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FIG. 8-6 WEAR RESULTS FOR GEAR SET U
195
A visual inspection of the gear sets as shown in Figures 8.7 to 8.12 
inclusive, suggests a different conclusion. Both the pinion and 
wheel of gear sets 1 and 2 are showing signs of pitting, the pitting 
being far more pronounced on gear set 2. The pinion of gear set 2 
also exhibits a marked deformation of material along the top edges of 
the teeth. Gear set 3 is starting to show signs of slight pitting, 
but otherwise is in excellent condition. Many more hours of testing 
will be required to quantify the nature of the pitting, ie as to 
whether it will stabilise or continue to deteriorate. However, 
sufficient evidence exists to suggest that gear set 1 is a better 
design than gear set 2. The large number of teeth employed and the 
relatively small amount of addendum modification resulted in the 
original teeth shapes being similar and hence the question as to why 
gear set 1 has performed better than gear set 2 is presented. Each 
reader will have their own explanation. However, the author has 
conducted an extensive analysis of the involute geometry of each gear 
set and has concluded that the only significant variance is in the 
lengths of the approach and recess paths.
For gear set 1, the lengths of the approach and recess paths are 
1.96mm and 3.44mm respectively, whilst for gear set 2 the same 
lengths are 2.86mm and 2.6 7mm respectively. This, in turn, has an 
effect on the calculated slide to roll ratio. Depending on the 
criteria employed, some gear designers consider that for a speed 
reducing gear pair, the length of the approach path should be less 
than the recess path with the slide to roll ratio being approximately 
equal for both the pinion and the wheel. Gear set 1 satisifies this 
criterion whilst gear set 2 does not. Without stating categorically 
that this is the only explanation for the difference in performance, 
let it suffice to say that none of the codes considered places 
restrictions on the ratio of the lengths of the approach and recess 
paths, even though both lengths are required in the calculation of 
geometry factors. However, it can be shown that the addendum 
modifications recommended by BS 436 usually lead to the length of the 
approach path being less than that of the recess path for a pair of 
speed reducing gears. The recommendations of ISO/TR 4467(2) also 
have a tendency to head in this direction.
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F I G U R E  8 . 7  -  T E E T H  O F  G E A R  S E T  1  P I N I O N  -  9 2 2 6  H O U R S
F I G U R E  8 . 8  -  T E E T H  O F  G E A R  S E T  1  W H E E L -  9 2 2 6  H O U R S
F I G U R E  8 . 9  -  T E E T H  O F  G E A R  S E T  2 P I N I O N  -  8 5 7 3  H O U R S
FIGURE 8 .1 0  -  TEETH OF GEAR SET 2 WHEEL -  8573 HOURS
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Gear set 4 was originally designed for a BS 436 design life of 0.5 
hours per day, corresponding to a total life of 1,083 hours or 
approximately 10s cycles for the pinion. From Figure 20 of AGMA
218.01 and Figure 12 of ISO 6336/2, this number of cycles has little 
effect on the life factor based on S - N curves. However, when one 
considers a design life of 1,083 hours as compared to 52,000 hours,
BS 436 Chart 11 predicts a significant increase in the life factor 
and hence the wear rating. Conversely, if the AGMA power rating for 
gear set 4 were to be 2 kW, the life factor would have to be 
increased to 1.3, corresponding to a design life of one hour. 
Similarly, the ISO life factor would need to be 1.5 corresponding to 
23 hours of total operation. From Figures 8 .6 , 8.13 and 8.14, it can 
be seen that gear set 4 failed after 2,521 hours of total operation. 
However, after 1,083 hours of operation, corresponding to the 
original design life of six (6 ) years, the gear set exhibited 
significant deterioration such that in a normal industrial 
environment, it would have been replaced. This is seen from an 
examination of Figures 8.15 to 8.18.
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FIGURÉ 8.11 - TEETH OF GEAR SET 3 PINION - 8695 HOURS
FIGURE 8.12 - TEETH OF GEAR SET 3 WHEEL - 8695 HOURS
FIGURE 8.13 - TEETH OF GEAR SET 4 PINION - 2521 HOURS
FIGURE 8 .1 4  -  TEETH OF GEAR SET 4 WHEEL -  2521 HOURS
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F I G U R E  8 . 1 5  -  P H O T O M IC R O G R A P H  O F  G E A R  S E T  4 P I N I O N  -  0 H O U R S
F I G U R E  8 . 1 6  -  P H O T O M IC R O G R A P H  O F  G E A R  S E T  4 P I N I O N  -  8 7 7  H O U R S
F I G U R E  8 . 1 7  -  P H O T O M IC R O G R A P H  O F  G E A R  S E T  4 P I N I O N  -  1 6 0 1  H O U R S
FIGURE 8 .1 8  -  PHOTOMICROGRAPH OF GEAR SET 4 PINION -  1869 HOURS
SECTION 9




As stated in the synopsis, the tenet of this Thesis has been the 
presentation of an original analytical method for the calculation 
of the height and width of the Lewis parabola. Whilst this aim 
has been achieved, with the formal presentation constituting 
Section 1, the work has been amplified to the extent that thirty 
six graphs were produced for incorporation into AS 2938(5), 
together with the production of three pieces of software, namely 
GEARGEOM, IRATE and IDESIGN.
GEARGEOM was the first software program to be endorsed by the 
Standards Association of Australia, and accordingly has been 
designated as ASSP-001-1987(31).
As demonstrated in Section 2, the exact height and width of the 
Lewis equal strength parabola can be calculated and plotted by 
combining computer software and CAD (refer tcFigures 2.8 to 
2.13). However, it is the experience of the author that these 
facilities are not available to the majority of gear designers. 
This is especially true in tertiary institutions.
The gear power rating is directly proportional to the calculated 
geometry factor for bending strength, and hence errors in the 
manual drafting of the tooth profile reflect in the final gear 
design. When considering the wheel of many gear sets, the author 
has witnessed significant errors and frustration in students 
attempting to swing the large radii involved, to mention nothing 
of the time involved. Hence a need arose to produce design charts 
which would quickly yield the dimensions of the stress parabola. 
Figures 2.2 to 2.7 inclusive are charts which were developed in 
response to this need.
It is the author’s opinion that the error introduced in 
calculating the equivalent number of teeth for conventional 
helical gears based on the helix angle at the standard pitch 
diameter is acceptable when compared with that calculated at the 
operating pitch diameter. Hence the stress parabola dimensions 
for a conventional helical gear can be read from Figures 2.2 and
2.3 using the equivalent number of teeth based on the helix angle 
at the standard diameter.
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Further, the calculation of the load angle for spur and low 
contact ratio helical gears is commensurate with the time involved 
just to calculate the dimensions required for a tooth profile 
layout. Hence the time saving and the inherent improvement in 
accuracy is realised by the use of Figures 2.2 to 2.7 inclusive.
A major statistical analysis of the computer programs involved in 
the production of Figures 2.2 to 2.7 has shown that the order of 
accuracy is comparable with the errors introduced by not including 
backlash in the exact mathematical analysis. Hence, for any 
particular cutter, six charts can be produced which eliminate the 
need to manually draw a tooth profile to calculate the dimension 
of the stress parabola.
The values of J and J calculated in Section 3 using theP G
approximation for the load sharing ratio are 0.537 and 0.545 
respectively, whilst the exact mathematical solution, for a face 
contact ratio of 2, based on the actual load sharing ratio, yields 
0.564 and 0.572 respectively.
Thus the values of Jp and J obtained using the charts 
represents errors of 5.07o and 4.7% respectively. However, these 
errors could be improved by a more sagacious choice of facewidth *
There are many gear applications which do not necessitate an 
optimisation of the design and as such a simple method to rate the 
gears would be advantageous.
The design charts presented in Section 4 complement the AGMA 
218.01(4) system by providing the means of carrying out quick 
rating calculations.
The Standards Association of Australia realised the need for a 
quick rating procedure in introducing AGMA 218.01 as the new 
Australian Standard for the rating of spur and helical gears. In 
response to this requirement, twelve charts similar in format to 
those presented in Section 4 have been included in the Australian 
Standard AS 2938(5), thus facilitating an efficient rating 
procedure for numerous gear applications.
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Section 5 has aimed to demonstrate that a significant improvement 
in power rating can be achieved by the correct choice of addendum 
modification coefficients, resulting in an improved gearbox at no 
additional cost to the manufacturer.
With the vehicle of a fully computerised analysis of geometry 
factors, the gear designer is now able to quantify what was 
previously instinctive feelings based on experience. Further, if 
the program incorporates adequate safeguards, addendum modification 
coefficients outside previously acceptable ranges can be considered.
The equations for the determination of the AGMA power ratings for 
a particular gear set are examined in Section 6. Each of the 
derating factors is examined in detail, and whilst most are 
expressed in a mathematical format in AGMA 218.01, several 
additional equations have been derived for the calculation of the 
life factor for pitting resistance, C , and the life factor forL
bending strength, K .' L
The allowable contact stress number, s , and the allowableac
bending stress number, s , are in the opinion of the author,at
expressed in an ambiguous way in AGMA 218.01. The format in which
allowable stress numbers are given in BS436-1940(21), would appear
to be preferable, in that material specifications are expressed in
commercial designations. An attempt has been made to demonstrate
an apparent correlation between known material specifications and
s values. ac
The involute gear geometry associated with gear design constitutes 
Section 7. Particular attention has been directed towards the 
slide to roll ratio, a point of design which arguably has not been 
considered in AGMA 218.01, as opposed to DIN or ISO standards 
which consider a third mode of gear failure, namely that of 
scoring or scuffing.
A hypothesis has been presented for the modification of the AGMA
218.01 equation for the geometry factor for pitting resistance, I, 
such that it bears a correlation to the slide to roll ratio.
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Experimental results obtained from the University of Wollongong's 
gear testing rig are highlighted in Section 8. The conclusions 
drawn from these results are summarised below.
Although four gear sets do not provide sufficient evidence from 
which to draw categorical conclusion, there are perhaps trends 
which can be highlighted.
Firstly, the power ratings as predicted by national codes bear a 
reasonable correlation to the actual power transmission 
capabilities of the gear sets tested. However, it appears that 
insufficient attention is drawn to a suitable choice of addendum 
modification coefficients, and in this regard it is suggested that 
AGMA consider either the adoption of ISO/TR 4467 (_7) or the 
production of a similar document.
Secondly, the design life based on the number of cycles of 
operation would appear to be conservative when one considers gear 
sets designed for a limited number of hours of operation at a 
relatively high speed of rotation. It would appear that a life 
factor based on speed of rotation and design life may be more 
appropriate than the current practice.
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9•2 Suggestions for Further Study
Whilst a considerable number of man hours has been expended in the 
production of this Thesis over the past ten years, there are areas 
in which further study is recommended.
The "proof’’ of the convergence of the Lambda Method as depicted by 
Figure 1.9, is confined to the conventional limits of ISO/TR4467.
A formal mathematical proof and/or an examination of convergence 
beyond the limits of ISO/TR4467 should be considered.
The technique which has been presented in Section 7, for a 
correlation between the geometry factor for pitting resistance, I, 
and the slide to roll ratios, S and S , was confined to spur 
gears at standard centres. This technique should be examined for 
spur gears at extended centres, together with helical gears at 
both standard and extended centre distances. Further, the gear 
test rig should be utilised to incorporate gear sets which are 
identical in all respects, with the exception of the addendum 
modification, to verify the pitting resistance as a function of 
the slide to roll ratio, as shown in Figures 7.12 and 7.15.
It is envisaged that this study would be an extension of the data 
previously collected for gear sets 1 and 2.
A theoretical analysis of the DIN/ISO standard to examine the 
correlation of the wear and scuffing power ratings as a function 
of the slide to roll ratio, would add to the understanding of this 
particular phenomenon.
Whilst BS PD6457 Nov 1970(15) provides an approximate solution to 
equation (7.10), the determination of the addendum modification 
coefficients to achieve an equal slide to roll ratio for both the 
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APPENDIX A
COMPUTER PROGRAMME FOR CALCULATING 
GEOMETRY FACTORS I AND J
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S U B R O U T I N E  A N A L  
$ I N C L U D E :  ’ P C 2 . F O R ’
C *********************************************************************
C * V e r s i o n  1.03 AUSTRALIAN STANDARD APPENDIX D *
C * THIS DOES NOT FORM PART OF THE AUSTRALIAN STANDARD AS2938-1 987. *
C ***»****«**«**********«*****«*****»******************»*****»******,»*
c * *
C * CALCULATION OF THE GEOMETRY FACTORS FOR PITTING RESISTANCE AND *
C * BENDING STRENGTH FOR EXTERNAL SPUR AND HELICAL INVOLUTE GEAR *
C * TEETH AS PER AGMA 218.01 DEC.1982 & AS2938-1987 *
C *********************************************************************
c * ,
C « ENTER THE DATA IN THE FOLLOWING ORDER. *
C * NOTE:- DEGREES ARE ENTERED AS FOLLOWS. *
C * 16 DEGREES 37 MINUTES 58 SECONDS IS ENTERED AS 16.3758 DEGREES. «
C * ,
C ********************************************************************* 
C * VARIABLE * UNITS * DESCRIPTION .
C *****♦*********************:******************************************
c * *
C * TITLE *
C * NT(1)(NP) *
C * NT(2)(NW) *
C * PHIC * DEG
C * MN » MV1
C * PS IS * DEG
C * X(1)(XP) *
C * X (2)(XG) »
C * F « MM
C * HA(1) * MM
C * HA(2) * MM
C * HB(1) * MM
C * HB(2) * MM
C * RT(1) * MM
C * RT(2) * MM
C * DELTAO(1) * MM
C * DELTAO(2) * MM
C * DLTARO(1) * MM
C * DLTARO(2) * MM
C * BN(1) * MM
C * BN(2) * MM
C * ICODE *
C * *
C * ROUGH *
C * *
C * BUTT(1) *
C * BUTT(2) *
C * *
Q  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
D E S C R I P T I O N  O F  G E A R  S E T  
N U M B E R  O F  P I N I O N  T E E T H  
N U M B E R  O F  W H E E L  T E E T H
N O R M A L  P R O F I L E  A N G L E  O F  E Q U I V A L E N T  R A C K  C U T T E R  
N O R M A L  M E T R I C  M O D U L E
H E L I X  A N G L E  A T  S T A N D A R D  P I T C H  D I A M E T E R  
A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T  O F  P I N I O N  
A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T  O F  W H E E L  
N E T  F A C E  W I D T H  O F  N A R R O W E S T  M E M B E R
S T A N D A R D A D D E N D U M O F T H E B A S I C R A C K F O R P I N I O N
S T A N D A R D A D D E N D U M O F T H E B A S I C R A C K F O R W H E E L
S T A N D A R D D E D E N D U M O F T H E B A S I C R A C K F O R P I N I O N
S T A N D A R D D E D E N D U M O F T H E B A S I C R A C K F O R W H E E L
E D G E  R A D I U S  O F  C U T T I N G  T O O L  F O R  P I N I O N  
E D G E  R A D I U S  O F  C U T T I N G  T O O L  F O R  W H E E L  
P R O T U B E R A N C E  O F  C U T T I N G  T O O L  F O R  P I N I O N  
P R O T U B E R A N C E  O F  C U T T I N G  T O O L  F O R  W H E E L  
T R U N C A T I O N  A P P L I E D  T O  P I N I O N  
T R U N C A T I O N  A P P L I E D  T O  W H E E L  
B A C K L A S H  A P P L I E D  T O  P I N I O N  
B A C K L A S H  A P P L I E D  T O  W H E E L
0 =  I T E R A T I O N  T O  C O D E  F O R  L A M B D A
1 =  F U L L  I T E R A T I O N  F O R  L A M B D A
0 =  A C C U R A T E  S P U R  G E A R S
1 =  I N A C C U R A T E  S P U R  G E A R S
0 =  N O  P I N I O N  B U T T R E S S  1 =  P I N I O N  B U T T R E S S
0 =  N O  W H E E L  B U T T R E S S  1 =  W H E E L  B U T T R E S S
D O U B L E  P R E C I S I O N  A N H ,  A N I ,  A N J  , A N K ,  A N L , A N O ,  A N P , C X , C X H  
D O U B L E  P R E C I S I O N  C P S I ,  C C , L A M B D I , C R A C K ,  C T  
D O U B L E  P R E C I S I O N  I ,  I N V  
D O U B L E  P R E C I S I O N  J ( 2 )












D O U B L E  P R E C I S I O N  K 5 ( 2 )  
D O U B L E  P R E C I S I O N  L ( 2 ) ,
K6 ( 2 ) , K7(2 ), K8(2 ), K9(2 ) 
L A M B D A (  2 ) , L A M B A I  ( 2 ) , L A M B A 1  ( 2 ) L M I N
D O U B L E  P R E C I S I O N  M (  2 ) , M F ,  M N N ,  M P , M T  
D O U B L E  P R E C I S I O N  N E ( 2 ) ,  N T ( 2 )
D O U B L E  P R E C I S I O N  A ( 2 ) ,
D O U B L E  P R E C I S I O N  B ( 2 ) ,
D O U B L E  P R E C I S I O N  C H ( 2 )
D O U B L E  P R E C  I S I O N  D ( 2 ) ,
, P H I O ( 2 ) ,  P S  I ( 2 )  
T P H I C , T P S  I S
R F ( 2 ) ,  R M I D ( 2 )  
R U ( 2 ) ,  R O ( 2 )
A B ( 2 ) ,  A N C ( 2 ) ,  A N C R F ( 2 ) ,  A N N ( 2 ) ,  A N M (  2 )  
B E T A ( 2 ) ,  B E T A H ( 2 ) ,  B E T A R H ( 2 ) ,  B I G R F ( 2 )
, C l ( 2 ) ,  C M (  2 ) ,  C N ( 2 ) ,  C U ( 2 ) ,  C W ( 2 )
D R ( 2 ) ,  D S ( 2 ) ,  D O ( 2 ) ,  T D L T A R ( 2 )
D O U B L E  P R E C I S I O N  D L T A R 3 ( 2 ) ,  D L T A R 4 ( 2 ) ,  D L T A R 5 ( 2 )
D O U B L E  P R E C I S I O N  E P S L O N ( 2 )
D O U B L E  P R E C I S I O N  F M I N ( 2 )
D O U B L E  P R E C I S I O N  H ( 2 ) ,  H A B ( 2 ) ,  H E ( 2 )
D O U B L E  P R E C I S I O N  P H I L ( 2 ) ,  P H I L N ( 2 ) ,  P H I N ( 2 )
D O U B L E  P R E C I S I O N  P S I O ( 2 ) ,  P S I R ( 2 ) ,  P H I R ( 2 ) ,
D O U B L E  P R E C I S I O N  P H I T ,  P H I T I  
D O U B L E  P R E C I S I O N  R ( 2 ) ,  R B ( 2 ) ,  R B E ( 2 ) ,  R E ( 2 )
D O U B L E  P R E C I S I O N  R O E ( 2 ) , R Q M ( 2 ) ,  R R ( 2 ) ,  R S ( 2 ) ,
D O U B L E  P R E C I S I O N  S M A L L C ( 2 ) ,  S P A N ( 2 ) ,  S T E E T H ( 2 )
D O U B L E  P R E C I S I O N  T E ( 2 ) ,  T N C ( 2 ) ,  T O ( 2 ) ,  T O T ( 2 ) ,  T S T ( 2 ) ,  T R T ( 2 )  
D O U B L E  P R E C I S I O N  Y ( 2 )
D O U B L E  P R E C I S I O N  Z A ,  Z B , Z C ,  Z C H , Z N E  
C H A R A C T E R *  5 5 O U ( 4 )  , O U T  
C H A R A C T E R *  4 2 O T ( 4 ) ,  O T T  
C H A R A C T E R * 1 9  O S ( 2 ) ,  O S S  
C H A R A C T E R * 1 4  T Y P E ( 2 )
C H A R A C T E R *  1 0  Y N ( 2 ) ,  Y P , Y W ,  Y 1  , Y 2  , G P , G W , L P , L W , M T Y E S  
L O G I C A L  S P U R ,  L C R , H E L I C ,  O U T P U T ,  P I N I O N ,  W H E E L ,  U N D E R P , U N D E R W  
L O G I C A L  G A P P ,  G A P W ,  L A N D P , L A N D W , N O N C O N  
I N T E G E R  I T E E T H ( 2 ) ,  N W T , C N T 1 , C N T 2
D A T A  O U /  ’ G E O M E T R Y  F A C T O R  -  A C C U R A T E  S P U R  G E A R S  -  A S  2 9 3 8 - 1 9 8 7 .
G E O M E T R Y  F A C T O R  -  I N A C C U R A T E  S P U R  G E A R S  -  A S  2 9 3 8 - 1 9 8 7 .  
G E O M E T R Y  F A C T O R - C O N V E N T I O N A L  H E L I C A L  G E A R S - A S 2 9 3 8 - 1 9 8 7 .  
G E O M E T R Y  F A C T O R  -  L C R  H E L I C A L  G E A R S  -  A S 2 9 3 8 - 1 9 8 7 .  
A C C U R A T E  S P U R  G E A R S  T O  A S 2 9 3 8 - 1 9 8 7 . ’ ,
I N A C C U R A T E  S P U R  G E A R S  T O  A S 2 9 3 8 - 1 9 8 7 . ’ , 
C O N V E N T I O N A L  H E L I C A L  G E A R S  T O  A S 2 9 3 8 - 1 9 8 7 .  ’ ,
L C R  H E L I C A L  G E A R S  T O  A S 2 9 3 8 - 1 9 8 7 . ’ /
M O D I F I E D  A D D E N D A  ’ , ’ U N M O D I F I E D  A D D E N D A ’ /
/ ’ Y E S  ’ , ’ N O  ’ /
/ ’ c o d e  i t e r a t i o n ’ , ’ f u l l  i t e r a t i o n ’ /
D A T A  O T /
D A T A  O S /  
D A T A  Y N  
D A T A  T Y P E
S T A T E M E N T  F U N C T I O N S .
C O N V E R T  R A D I A N S  T O  D E C I M A L  D E G R E E S  
R T D ( S F A )  =  S F A  * 1 8 0 . 0  / P I  
C O N V E R T  D E C I M A L  D E G R E E S  T O  R A D I A N S  
D T R ( S F B )  =  S F B  • P I  / 1 8 0 . 0  
C O N V E R T  S E C O N D S  T O  D E C I M A L  O F  D E G R E E S
S E ( S F C )  = I N T ( ( S F C  * 1 0  0 . 0  -  I N T ( S F C * 1 0 0 . 0  ) ) *  1 0 0 . 0  ) / 3 6 0 0 . 0  
C O N V E R T  M I N U T E S  T O  D E C I M A L  O F  D E G R E E S  
S F ( S F D )  =  I N T ( ( S F D - I N T ( S F D )  ) * 1 0 0 . 0  ) / 6 0 . 0  
O B T A I N  D E C I M A L  D E G R E E S  F R O M  D E G R E E S . M I N U T E S , S E C O N D S  
D G S ( S F E )  =  I N T ( S F E )  +  S F ( S F E )  +  S E ( S F E )
O B T A I N  S E C O N D S  F R O M  D E C I M A L  D E G R E E S
N R ( S F F )  =  ( ( S F F - I N T ( S F F ) ) * 6 0 . 0  -  I N T (  ( S F F - I N T ( S F F ) ) • 6 0 . 0  ) ) 
■ * 6 0 . 0  +  0 . 5
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C  O B T A I N  M I N U T E S  F R O M  D E C I M A L  D E G R E E S
N S ( S F G )  =  ( S F G  - I N T ( S F G )  ) * 6 0 . 0  
C  O B T A I N  W H O L E  D E G R E E S  F R O M  D E C I M A L  D E G R E E S
N M S ( S F H )  =  I N T ( S F H )
C  O B T A I N  W H O L E  D E G R E E S  F R O M  D E G R E E S . M I N U T E S , S E C O N D S
N X ( S F J )  =  I N T ( S F J )
C  O B T A I N  M I N U T E S  F R O M  D E G R E E S  . M I N U T E S  , S E C O N D S  
N Y ( S F K )  =  I N T (  ( S F K  -  I N T ( S F K )  ) » 1 0 0 . 0  )
C  O B T A I N  S E C O N D S  F R O M  D E G R E E S  . M I N U T E S  , S E C O N D S
N Z ( S F L )  =  I N T ( ( S F L * 1 0 0 . 0  -  I N T ( S F L * 1 0 0 . 0 )  ) * 1 0 0 . 0  ) 
C  O B T A I N  F R A C T I O N A L  P A R T  O F  A  N U M B E R
F R A C ( S F M )  =  S F M  -  I N T ( S F M )
C  O B T A I N  I N V O L U T E  O F  A N  A N G L E
I N V ( S F O )  =  T A N ( S F O )  -  S F O  
C
C  S T O R E  O R I G I N A L  D L T A R O , P H I C  A N D  P S  I S  F O R  R E T U R N
C
T D L T A R ( l )  =  D L T A R O ( 1 )
T D L T A R ( 2 )  =  D L T A R O ( 2 )
T P H I C  =  P H I C  
T P S  I S  =  P S  I S
C  I N I T I A L I Z E  G E A R  S E T  N U M B E R  A N D  C A L C U L A T E  P I .
C
P I  =  4 . 0  * A T A N ( 1 . 0 )
C
D L T A R 3 ( 1 )  =  0 . 0  
D L T A R 3 ( 2 )  =  0 . 0  
D L T A R 4 ( 1 )  =  0 . 0  
D L T A R 4 ( 2 )  =  0 . 0  
D L T A R 5 ( 1 )  =  0 . 0  
D L T A R 5 ( 2 )  = 0 . 0  
O L D D R O ( 1 )  = 0 . 0  




I F  ( I O P T  . G T .  1 ) W R I T E  ( 6 ,  2 0 0 2  )
2 0 0 2  F O R M A T  ( 1 H 1 , \  )
W R I T E  ( 6 ,  2 1  ) N N ,  T Y P E ( I C O D E + 1 ) ,  T I T L E  
2 1  F O R M A T  ( 9 H  G E A R  S E T ,  1 3 ,  5 X , A 1 4 / I X , A 6 8 )
N T ( 1 )  =  N P  
N T ( 2 )  =  NW
C  R O U N D I N G  U P  T O  N E A R E S T  S E C O N D
C C C C  P S I S  =  P S I S  +  0 . 0 0 0 0 5  
C C C C  P H I C  =  P H I C  +  0 . 0 0 0 0 5  
A N 1 =  P H I C  
A N 2 =  P S I S  
C
C  D E T E R M I N E  T Y P E  O F  G E A R  A N D  P R I N T  H E A D I N G
C
C  C O N V E R T  D E G R E E S  T O  R A D I A N S
C  F R O M  D E G , M I N , S E C  T O  D E C I M A L  D E G R E E S
P S I S  =  D G S ( P S I S )
P H I C  =  D G S ( P H I C )
212 -
C FROM DECIMAL DEGREES TO RADIANS 
PS IS = DTR(PSIS)
PHIC = DTR(PHIC)
MF = F * SIN(PSIS) / ( PI * MN ) 
SPUR GEARS
SPUR = PS IS .EQ. 0.0 
CONVENTIONAL HELICAL GEARS 
HELIC = MF .GT. 1.0 .AND..NOT. SPUR 




L C R  =  M F  . L E .  1 . 0  . A N D . . N O T .  S P U R  
I F  ( S P U R  ) T H E N  
O U T  =  O U ( 1 )
O T T  =  O T ( 1 )
E N D  I F
I F  ( R O U G H  . E Q .  1 ) T H E N  
O U T  =  O U ( 2 )
O T T  =  O T ( 2 )
E N D  I F
I F  ( H E L I C  ) T H E N  
O U T  =  O U ( 3 )
O T T  =  O T ( 3 )
E N D I F
I F  ( L C R  ) T H E N  
O U T  =  O U ( 4 )
O T T  =  O T ( 4 )
E N D I F
O S S  =  O S ( l )
I F  ( X ( l )  . E Q .  0 . 0  . A N D .  X ( 2 )  . E Q . 0 . 0  ) O S S  =  O S  ( 2 )
W R I T E  ( 6 , 8 2 9  ) O U T  
W R I T E  ( 6 ,  8 3 0  ) N P , N W , M N , M N ,
* N X ( A N l ) ,  N Y ( A N l ) ,  N Z ( A N l ) ,  N X ( A N l ) ,  N Y ( A N 1 ) ,  N Z ( A N 1 ) ,
* H A ,  H B ,  R T ,  D E L T A O ,
* N X ( A N 2 ) ,  N Y ( A N 2 ) ,  N Z ( A N 2 ) ,  N X ( A N 2 ) ,  N Y ( A N 2 ) ,  N Z ( A N 2 )
8 2 9  F O R M A T  ( 1 H  , A 5 5 ,  / 1 H  , 7 8 ( 1 H * ) ,  /
* 1 H  , ’ » S T E P »  N A M E  • P I N I O N  * W H E E L  « U N I T *  ’ ,
* ’ D E S C R I P T I O N ’ , 1 9 X ,  1 H *  , / 1 H  , 7 8 ( 1 H * )  )
W R I T E  ( 6 ,  8 3 1  ) F ,  F ,  X ,  D L T A R O , B N
I F  ( H E L I C  ) W R I T E  ( 6 ,  8 3 3  ) B U T T  
W R I T E  ( 6 ,  8 3 4  ) Q V
8 3 0  F O R M A T  (
* ’ * I * N P , N W  • ’ , 2 ( 1 1 1  , 2 H  * ) ,
« ’ * N U M B E R  O F  T E E T H  • ’ /
* ’ * N  * M N  * ’ , 2 ( F l  1 . 3 ,  2 H  » ) ,
* ’ MM * N O R M A L  M E T R I C  M O D U L E  * ’ /
* ’ * P  • P H I C  * ’ , 2 ( 1 4 , I X ,  1 2 . 2 , 1 H ’ , 1 2 . 2 , 1 H " , 2H  * )
* ’ D E G *  N O R M A L  P R E S S U R E  A N G L E  * ’ /
* ’ * U  * H A  * ’ , 2 ( F l l . 3 ,  2 H  * ) ,
* ’ MM • S T A N D A R D  A D D E N D U M  O F  T O O L  * ’ /
* ’ * T  * H B  * ’ , 2 ( F l  1 . 3 ,  2 H  * ) ,
* ’ MM * S T A N D A R D  D E D E N D U M  O F  T O O L  * ’ /
* ’ * » R T  * ’ , 2 ( F l  1 . 3 ,  2 H  * ) ,
.  ’ MM * T I P  R A D I U S  O F  C U T T I N G  T O O L  * ’ /
* ’ * * D E L T A O  * ’ , 2 ( F l l . 3 ,  2 H  * ) ,
* ’ MM * P R O T U B E R A N C E  O F  C U T T I N G  T O O L  * ’ /
« ’ * D  * P S I S  * ’ , 2 ( 1 4 , I X , 1 2 . 2 , 1 H * , 1 2 . 2 , 1 H " , 2 H  * )
.  ’ D E G *  H E L I X  A N G L E  A T  R E F  P I T C H  D I A  * ’ )
8 3 1  F O R M A T  (
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7
*  * A *  F
y
* 2 ( F l  1 . 3 , 2H • ) .




* * T * X
y
* 9 2 ( F l 1 . 3 , 2 H • ) ,
y* * A D D E N D U M M O D I F I C A T I O N C O E F F
9
* /
i* * A * D L T A R O
y
» 9 2 ( F 1 1 . 3 , 2H • ) .
* Nftl * T R U N C A T I O N  A P P L I E D
9
* /
y* * *  B N * 9 2 ( F 1 1  . 3 , 2 H • ) >
* ’ MM * B A C K L A S H A P P L I E D
9
* )
8 3 3  F O R M A T (
y
*  * *  B U T T
9
* 9 2 ( 1 8 , 3 X , 2 H • ) .
y
* * B U T T R E S S I N G ( 0 = N O , 1 = Y E S )
9
* )
8 3 4  F O R M A T (
y* * * Q V
9
* 9 2 ( 1 8 , 3 X , 2 H • ) .
y
* * A G M A  3 9 0 Q U A L I T Y  N U M B E R
9
* /
* 1 H  , 7 8 ( 1 H * ) )
I F  ( I O P T  . E Q .  1 ) C A L L  P A U S  
W R I T E  ( 6 ,  8 3 5  )
W R I T E  ( 6 ,  8 2 9  ) O U T
8 3 5  F O R M A T  ( ’ I N V O L U T E  G E A R  M A T H E M A T I C S ’ )
C
C




C  S T E P  1 P H I S  = T R A N S V E R S E  P R E S S U R E  A N G L E
C  = = = = = = =
C
P H I S  =  A T A N  ( T A N ( P H I C )  / C O S ( P S I S )  )
A N G  =  R T D ( P H I S )  4- 0 . 0 0 0 0 5  
C
C  S T E P  2 P H I T  =  O P E R A T I N G  T R A N S V E R S E  P R E S S U R E  A N G L E
C  = = = = = = =
C
I F  ( X ( l )  +  X ( 2 )  . N E .  0 . 0  ) G O  T O  2 
P H I T  =  P H I S  
G O  T O  1 5 2
2 P H I T I  =  2 . 0  * ( X ( l )  +  X ( 2 )  ) * T A N ( P H I C )
* / (  N T ( 1 )  +  N T ( 2 )  ) +  I N V ( P H I S )
I F  ( I C O D E  . N E .  0 ) G O  T O  5 2
C
C  C O D E  I T E R A T I O N  F O R  P H I T
C
PHI 1 = PHIS - ( ( INV(PHIS) - PHITI ) / ( TAN(PHIS) * « 2 ) )
PHI 2 = PHI 1 - ( ( INV(PHI 1) - PHITI ) / ( TAN(PHI 1) * * 2 ) )
PHIT = PHI 2 - ( ( INV(PHI 2) - PHITI ) / ( TAN(PHI 2) « * 2 ) )
G O  T O  1 5 2  
C
C  F U L L  I T E R A T I O N  F O R  P H I T  A C T I V A T E D  B Y  I C O D E  =  1
C
5 2  P H I  1 =  P H I S
1 0 2  P H I 1  =  P H I  1 -  ( ( I N V ( P H I l )  -  P H I T I  ) / ( T A N ( P H I l )  * *  2 ) ) 
I F  ( A B S ( I N V ( P H I l )  -  P H I T I  ) . G E .  1 . 0 E - 0 8  ) G O  T O  1 0 2  
P H I T  =  P H I  1 
1 5 2  C O N T I N U E
ANH = RTD(PHIT) + 0.00005
S T E P  3 C  =  O P E R A T I N G  C E N T R E  D I S T A N C E
C  =  0 . 5  * M N  * ( N T ( 1 )  +  N T ( 2 )  )  » C O S ( P H I S )  
* / (  C O S ( P S I S )  « C O S ( P H I T )  )
S T E P  4 R B ( 1 )  =  B A S E  R A D I U S  P I N I O N
= = = = = = =  R B ( 2 )  =  B A S E  R A D I U S  W H E E L
R B ( 1 )  =  0 . 5  * N T ( 1 )  * M N  * C O S ( P H I S )  / C O S ( P S I S )
R B ( 2 )  =  R B ( 1 )  » N T ( 2 )  / N T ( 1 )
S T E P  5 R (  1 ) =  O P E R A T I N G  P I T C H  R A D I U S  P I N I O N
= = = = = = =  R (  2 )  =  O P E R A T I N G  P I T C H  R A D I U S  W H E E L
R ( l )  =  N T ( 1 )  * C  / ( N T ( 1 )  +  N T ( 2 )  )
R ( 2 )  =  C  -  R ( 1 )
S T E P  6 R O ( 1 )  =  T I P  R A D I U S  P I N I O N
R O ( 2 )  =  T I P  R A D I U S  W H E E L
R O (  i  ) =  M N  * ( ( 0 . 5 *  N T ( 1 ) / C O S ( P S I S ) ) +  X ( l ) )
* +  H B  ( 1 ) -- D L T A R O ( 1 )
R O (  2 ) =  M N  * ( ( 0 . 5 *  N T ( 2 ) / C O S ( P S I S ) ) +  X ( 2 ) )
* +  H B ( 2 )  -- D L T A R O ( 2 )
S T E P  6 A
* * * * * * * * * » * * * * * * » * * » * * » » * * » * * x x * * * » » x x » x x x x x x x x x x x x x x x x x x x x x x x x
C H E C K  T I P - F I L L E T  I N T E R F E R E N C E ,  T I P  T H I C K N E S S  A N D  C O N J U G A T E  A C T I  
T H E  F O L L O W I N G  C A L C U L A T I O N S  A R E  N E C E S S A R Y  T O  C A L C U L A T E  T H E  
T H E  R A D I U S  T O  T H E  T O P  O F  T H E  T R O C H O I D  A N D  T H E  T O P  L A N D  W I D T H  
R E F : -  E A R L E  B U C K I N G H A M  —  M A N U A L  O F  G E A R  D E S I G N  ( S E C T  3 ) 
I N D U S T R I A L  P R E S S  I N C .  N E W  Y O R K .
t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S T E P  6 A . 1 C H E C K  F O R  U N D E R C U T  T E E T H
RS ( i )
R S  ( 2 ) 
S M A L L C ( 1 ) 
S M A L L C  ( 2 ) 
RU( 1 )
R U  ( 2 )
RR( 1 )
R R (  2 )
B I G R F ( 1 )
B I G R F ( 2 )
R E F E R E N C E  P I T C H  R A D I U S  P I N I O N  
R E F E R E N C E  P I T C H  R A D I U S  W H E E L  
C U T T E R  T I P  R A D I U S  C O N S T A N T  P I N I O N  
C U T T E R  T I P  R A D I U S  C O N S T A N T  W H E E L  
U N D E R C U T  R A D I U S  P I N I O N  
U N D E R C U T  R A D I U S  W H E E L  
R O O T  R A D I U S  P I N I O N  
R O O T  R A D I U S  W H E E L
R A D I U S  T O  T O P  O F  T R O C H O I D  P I N I O N  
R A D I U S  T O  T O P  O F  T R O C H O I D  W H E E L
RS(1) = 0.5 * NT(1) * MN / COS(PSIS)
RS(2) = 0.5 * NT(2) * MN / COS(PSIS)
SMALLC(1 ) = RT(1) • ( 1 - SIN(PHIC) )
SMALLC ( 2 ) = RT(2) * ( 1 - SIN(PHIC) )
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RU( i ) 
RU( 2 )
RR( i ) 
RR( 2 )
RS(1) « COS(PHIS) ** 2 - SMALLC(l)
R S ( 2 )  * C O S ( P H I S )  * *  2 -  S M A L L C ( 2 )
H A ( 1 )  +  M N  * X ( l )  -  ( 0 . 5  * B N ( 1 )  / S I N ( P H I C ) )
( 0 . 5  * B N ( 2 )  / S I N ( P H I C )  )
RS ( l )
R S ( 2 )  -  H A ( 2 )  +  M N  * X ( 2 )
U N D E R P  =  R R ( 1 )  . L T .  R U ( 1 )
U N D E R W  =  R R ( 2 )  . L T .  R U ( 2 )
I F  ( U N D E R P  ) T H E N  
Y 1 =  Y N ( 1 )
BIGRF(l) = RB(1) + ( RU(1) - RR(1) ) ** 2
* / ( 6.0 * RS(1) « COS(PHIS) * SIN(PHIS) ** 2 )
ELSE
Y 1 =  Y N ( 2  )
B I G R F ( l )  =  S Q R T  ( ( ( R S ( 1 )  -  R R ( 1 )  -  S M A L L C ( l )  )
* / TAN(PHIS) ) ** 2
* +  ( R R ( 1 )  +  S M A L L C ( 1 )  )  * *  2 )
E N D I F
I F  ( U N D E R W  ) T H E N  
Y 2  =  Y N ( 1 )
BIGRF(2) = RB(2) + ( RU(2) - RR(2) ) »* 2
* / ( 6.0 * R S ( 2 )  * C O S ( P H I S ) * S I N ( P H I S )  * *  2 )
E L S E
Y 2  =  Y N ( 2 )
B I G R F ( 2 )  =  S Q R T  ( ( ( R S ( 2 )  -  R R ( 2 )  -  S M A L L C ( 2 )  )
* / T A N ( P H I S ) ) * *  2
* +  ( R R ( 2 )  +  S M A L L C ( 2 )  ) * *  2 )
E N D I F
W R I T E  ( 6 ,  1 1 1 0  ) R S ,  S M A L L C ,  R U , R R , Y 1  , Y 2  ,
* B I G R F , R O  
1 1 1 0  F O R M A T  (
* 6 A * R S * 9 2 ( F 1 1 . 3 , 2 H * ) ,
MM * R E F E R E N C E  P I T C H R A D I  I
9* /
* 6 A * S M A L L C
9* 9 2 ( F 1 1  . 3 , 2H * ) ,
MM * C U T T E R  T I P  R A D I I  C O N S T A N T
9* /
* 6 A * R U
»* 9 2 ( F 1 1  . 3 , 2H  * ) ,
MM * U N D E R C U T R A D I  I 9* /
* 6 A * R R
9* 9 2 ( F U . 3 , 2 H * ) ,
MVI * R O O T  R A D I  I
9* /
* 6 A *
9* 9 2 ( A l l , 2 H  * ) ,
* U N D E R C U T ( Y E S = R U > R R )
9*
* 6 A * B I G R F
9* 9 2 ( F U . 3 , 2 H * ) ,
MM * R A D I  I T O T O P O F T R O C H O I D 9* /
* 6 * R O
9* 9 2 ( F U . 3 , 2 H * ) ,
MM » O R I G I N A L T I P R A D I  I
9* )
S T E P  6 A . 2 C H E C K  F O R  T I P  T O  T R O C H O I D  I N T E R F E R E N C E
R O M ( l )  =  M A X I M U M  A L L O W A B L E  T I P  R A D I U S  P I N I O N
R O M (  2 ) =  M A X I M U M  A L L O W A B L E  T I P  R A D I U S  W H E E L
C I ( 1 )  =  I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T  P I N I O N
C l ( 2 )  = I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T  W H E E L
C l R E F  =  R E F E R A N C E  I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T
R O M ( l )  =  S Q R T  ( ( C  * S I N ( P H I T )
■ -  S Q R T  ( B I G R F ( 2 )  * •  2 -  R B ( 2 )  * *  2 ) ) * *  2 +  R B ( 1 )  * *  2 )
. + 0.001
R O M ( 2 )  =  S Q R T  ( ( C  * S I N ( P H I T )
216
* - SQRT ( BIGRF(l) ** 2 - RB(1) *• 2 ) ) ** 2 + RB(2) ** 2 )
* + 0.001
CI(1) = ( SQRT ( ( C * SIN(PHIT)
► - SQRT ( RO(1) ** 2 - RB(1) ** 2 ) ) ** 2 + RB(2) ** 2 )
" - BIGRF(2) ) / MN
Cl(2) = ( SQRT ( ( C * SIN(PHIT)
► - SQRT ( RO(2) ** 2 -RB(2) ** 2 ) ) ** 2 +RB(1) ** 2 )
► - BIGRF(l) ) / MN
PINION = CI(1) .LT. CIREF 
WHEEL = Cl(2) .LT. CIREF 
IF ( PINION ) THEN
YP = YN(1)
ELSE
Y P  =  Y N ( 2 )
E N D  I F
I F  ( W H E E L  ) T H E N  
Y W  = Y N ( 1 )
E L S E
Y W  =  Y N ( 2 )
E N D  I F
W R I T E  ( 6 ,  1 2 1 0  ) R O M , C l ,  Y P , Y W ,  C I R E F
1 2 1 0  F O R M A T  (
* ’ * 6 A  * R O M  * ’ , 2 ( F 1 1 . 3 ,  2 H  « ) ,
* ’ MM * M A X I M U M  A L L O W A B L E  T I P  R A D I I  * ’ /
* ’ * 6 A  * C l  * ’ , 2 ( F I  1 . 3 ,  2 H  * ) ,
* ’ MM * I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T * ’ /
* ’ * 6 A  * * ’ , 2 ( A l  1 ,  2 H  * ) ,








STEP 6A.3 CALCULATE THE BOTTOM CLEARANCE COEFFICIENT
CU(1) = CLEARANCE COEFFICIENT PINION
CU( 2) = CLEARANCE COEFFICIENT WHEEL
CUREF = REFERENCE CLEARANCE COEFFICIENT
CU(1) = ( C - RO(2) - RR(1) ) / MN 
CU(2) = ( C - RO(1) - RR(2) ) / MN 
GAPP = CU(1) .LT. CUREF 
GAPW = CU(2) .LT. CUREF 










WRITE ( 6, 1310 ) CU, GP, GW, CUREF
1310 FORMAT (
* ’ • 6A * CU *’, 2 (Fll.3, 2H *),
* ’ MM * BOTTOM CLEARANCE COEFFICIENTS *’ /
* ’ * 6A * *’, 2 (All, 2H *),
. ’ * ROOT INTERFERENCE(YES=CU<’,F4.2,’)*’ )
C






























T O (  2 ) 
CW(1)
CW( 2 ) 
CWREF =
=  R E F  T R A N S V E R S E  A R C  T O O T H  T H I C K N E S S  P I N I O N  
=  R E F  T R A N S V E R S E  A R C  T O O T H  T H I C K N E S S  W H E E L  
=  T I P  H E L I X  A N G L E  P I N I O N  
=  T I P  H E L I X  A N G L E  W H E E L  
=  T I P  T R A N S V E R S E  P R E S S U R E  A N G L E  P I N I O N  
=  T I P  T R A N S V E R S E  P R E S S U R E  A N G L E  W H E E L  
=  T R A N S V E R S E  A R C  T O O T H  T I P  T H I C K N E S S  P I N I O N  
=  T R A N S V E R S E  A R C  T O O T H  T I P  T H I C K N E S S  W H E E L  
=  P R O J E C T E D  T R A N S V E R S E  H A L F  T I P  A N G L E  P I N I O N  
=  P R O J E C T E D  T R A N S V E R S E  H A L F  T I P  A N G L E  W H E E L  
=  N O R M A L  C H O R D A L  T O O T H  T I P  T H I C K N E S S  P I N I O N  
=  N O R M A L  C H O R D A L  T O O T H  T I P  T H I C K N E S S  W H E E L  
=  T O P  L A N D  W I D T H  C O E F F I C I E N T  P I N I O N  
=  T O P  L A N D  W I D T H  C O E F F I C I E N T  W H E E L  
R E F E R E N C E  T O P  L A N D  W I D T H  C O E F F I C I E N T
T S T ( 1 )  =  ( M N  *
* -  B N ( 1 )
T S T ( 2 )  = ( M N  *
* -  B N ( 2 )
PS 1 0 ( 1 )  = ATAN 
PS 1 0 ( 2 )  = ATAN 
PHIO(1) = ACOS( 
PHIO(2) = ACOS(
T O T ( 1 )  =  2 . 0  *
* -  I N V ( P H I O ( 1 ) )
T O T ( 2 )  = 2 . 0  *
* -  I N V ( P H 1 0 ( 2 ) )  
B E T A H ( 1 )  = 0 . 5  
B E T A H ( 2 )  = 0 . 5  
A N  I 
A N J  
A N K  
A N L  
A N O
A N P  %
T O ( 1 )  = 2 . 0 «  R O ( 1 )  
T O ( 2 )  = 2 . 0  * R O ( 2 )  
C W (  1 )  =  T O ( 1 )  / MN 
C W (  2 ) =  T O ( 2 )  / MN 
L A N D P  
L A N D W
( 0 . 5  * P I  
/ C O S ( P H I C )  
( 0 . 5  * P I  
/ C O S ( P H I C )
+ 2.0 * X(1)
) / C O S ( P S I S )
+  2 . 0  * X ( 2 )
) / C O S ( P S I S )










■ T A N ( P S  I S )
■ T A N ( P S  I S ) 
RO(i) )
R S  ( i  ) 
R S  ( 2 )
T A N ( P H I C )
T A N ( P H I C )
)
)




T S T ( 1 )  / 
T S T ( 2 )  /
C O S ( P S I O ( 1 ) )  
C O S ( P S I O ( 2 ) )
R S  ( i  )




I N V ( P H I S )
R O (  i  ) 
R O (  2 )
RTD(P S IO(1)) + 0 .00005
RTD(PSIO(2) ) + 0 .00005
RTD(PHIO(1)) + 0 .00005





C O S ( P S I O ( 1 ) )  
C O S ( P S I O ( 2 ) )
=  C W (  1 )  . L T . C W R E F
= C W ( 2 )  . L T .  C W R E F  
I F  ( L A N D P  ) T H E N  
L P  =  Y N ( 1 )
E L S E
L P  =  Y N ( 2 )
E N D  I F
I F  ( L A N D W  ) T H E N  
L W  =  Y N ( 1 )
E L S E
L W  =  Y N ( 2 )
E N D  I F
W R I T E  ( 6 ,  1 4 1 0  ) T S T ,
► N M S ( A N I ) ,  N S ( A N I ) ,  N R ( A N I )
► N M S ( A N K ) ,  N S ( A N K ) , N R ( A N K )
NM S ( A N J  ) 
N M S ( A N L )
N S ( A N J ) ,  
N S ( A N L ) ,
N R ( A N J ) 
N R ( A N L ) T O T ,
)
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* N M S ( A N O ) ,  N S ( A N O ) ,  N R ( A N O ) , N M S ( A N P ) ,  N S ( A N P ) ,  N R ( A N P ) , 
« T O ,  C W ,  L P ,  L W ,  C W R E F
1 4 1 0  F O R M A T  (
* * * 6 A  * T S T  2 ( F I 1 . 3 ,  2 H  * )  ,
* ’ MM * R E F  T R A N S V E R S E  A R C  T O O T H  W I D T H * ’ /
* ’ * 6 A  » P S I O  * ’ , 2 ( 1 4 , 1 H  , 1 2 . 2 , 1 H ’ , 1 2 . 2 , 1 H " , 2 H  * ) ,
* ’ D E G *  T I P  H E L I X  A N G L E S  • ’ /
* ’ * 6 A  * P H I O  2 ( 1 4 , 1 H  , 1 2 . 2 , 1 H ’ , 1 2 . 2 , 1 H " , 2 H  * ) ,
* ’ D E G *  T I P  T R A N S V E R S E  P R E S S U R E  A N G L E S • ’ /
* ’ * 6 A  * T O T  * ’ , 2 ( F I 1 . 3 ,  2 H  * ) ,
* ’ MM * T I P  T R A N S V E R S E  A R C  T O O T H  W I D T H * ’ /
* ’ * 6 A  » B E T A H  * ’ , 2 ( I 4 , 1 H  , I 2 . 2 , 1 H ’ , I 2 . 2 , 1 H " , 2 H  * ) ,
* ’ D E G *  H A L F  T I P  T R A N S V E R S E  A N G L E S  * ’ /
* ’ • 6 A  * T O  * ’ , 2 ( F I  1 . 3 ,  2 H  * ) ,
* ’ • N O R M A L  T O P  L A N D  W I D T H S  * ’ /
* ’ * 6 A  * C W  * ’ , 2 ( F I 1 . 3 ,  2 H  * ) ,
* ’ * T O P  L A N D  W I D T H  C O E F F I C I E N T S  * ’ /
* ’ * 6 A  * * ’ , 2 ( A 1 1 ,  2 H  * ) ,
* ’ * L A N D  T O O  S M A L L  ( Y E S = C W < ’ , F 4 . 2 , ’ ) * ’ )

























STEP 6A .5 CALCULATE THE CHORDAL DIMENSIONS AT THE M IDPOINT OF 
THE INVOLUTE
RMID( 1 ) 
RMID( 2 )
P S I R ( 1 )
P S I R ( 2 ) 
P H I R ( 1 )  
P H I R ( 2 ) 







A N C ( 2 )  
S P A N ( 1 ) 
S P A N ( 2 )
STEETH(1) 
STEETH(2) 
FM IN( 1 ) 
FM IN( 2 )
RADIUS TO MID POINT OF INVOLUTE OF PIN IO N  
RADIUS TO MID POINT OF INVOLUTE OF WHEEL 
P IN IO N  HELIX ANGLE AT INVOLUTE M IDPOINT RAD 
WHEEL HELIX ANGLE AT INVOLUTE M IDPOINT RAD 
PIN IO N  TRANSVERSE PRESSURE ANGLE @ I .M .R .  
WHEEL TRANSVERSE PRESSURE ANGLE @ I .M .R .  
PIN IO N  TRANSVERSE ARC TOOTH THICKNESS 
WHEEL TRANSVERSE ARC TOOTH THICKNESS 
PROJECTED TRANSVERSE HALF ANGLE PIN IO N  
PROJECTED TRANSVERSE HALF ANGLE WHEEL 
NORMAL CHORDAL TOOTH THICKNESS PIN IO N  
NORMAL CHORDAL TOOTH THICKNESS WHEEL 
NORMAL CHORDAL TOOTH ADDENDUM PINIO N  
NORMAL CHORDAL TOOTH ADDENDUM WHEEL 
SPAN DIMENSION FOR PINIO N  
SPAN DIMENSION FOR WHEEL 
NUMBER OF PIN IO N  TEETH TO BE SPANNED 
NUMBER OF WHEEL TEETH TO BE SPANNED 
MINIMUM FACE WIDTH FOR SPAN DIM OF P IN IO N  
MINIMUM FACE WIDTH FOR SPAN DIM OF WHEEL
=  ( R O ( 1 )  +  B I G R F ( l )  ) / 2 . 0  
=  ( R O ( 2 )  +  B I G R F ( 2 )  ) / 2 . 0  
=  A T A N  ( R M I D ( l )  * T A N ( P S I S )  
= A T A N  ( R M I D ( 2 )  * T A N ( P S I S )  
=  A C O S ( R B ( 1 )  / R M I D ( l )  )
= ACOS( R B ( 2 )  /  RMID( 2 )  ) 
= 2 . 0 *  R M ID (1 )
R M I D (  1 )
R M I D (  2 )
P S I R ( 1 )
P S I R ( 2 )
P H I R ( 1 )
P H I R ( 2 )
T R T ( 1 )
- -  I N V ( P H I R ( 1 ) )  )
T R T ( 2 )  = 2 . 0  • R M I D ( 2 )  * 
■ -  I N V ( P H I R ( 2 ) )  )
BETARH( 1 )  = 0 . 5  * TR T( 1 )  
BETARH( 2 ) = 0 . 5  • T R T (2 )
RS ( 1 ) 
RS ( 2 )
( 0 . 5  * T S T ( 1 )  /  R S ( 1 )  + 
( 0 . 5  » T S T ( 2 ) /  R S ( 2 )  +
* ( C O S ( P S I R ( l ) )  * •  2 )
* ( C O S ( P S I R ( 2 ) )  » *  2 )
INV( P H I S )
IN V (P H IS )
/ R M I D (l)  














= 2.0 • R M I D ( l )  « 
=  2.0 * R M I D ( 2 ) * 
=  RO(1) -  R M I D ( l )  
=  RO(2 )  -  R M I D (  2 )
S  I N ( B E T A R H ( 1 ) )  / C O S ( P S I R ( l ) )  
S  I N ( B E T A R H ( 2 ) )  / C O S ( P S I R ( 2 ) )
* C O S ( BETARH( 1) )
* C O S (BETARH(2 ) )
S P A N  G A U G E  D I M E N S I O N S
S E L E C T  N U M B E R  O F  T E E T H  T O  B E  G A U G E D
C A L C U L A T E  P S  I B  T O  E N A B L E  T H E  C A L C U L A T I O N  O F  T H E  M I N I M U M  F A C E  W I D T H  
I F  (  S P U R  ) T H E N  
P S I B  =  0 . 0  
E L S E
P S I B  =  A T A N (  T A N ( P S  I S )  * C O S ( P H I S )  )
E N D  I F
D O  1 5 1 0  N = 1 , 2
I F  ( N  . E Q .  2 . A N D .  R T E E T H  . G T .  0 ) T H E N  
S T E E T H ( N )  =  0 
S  P A N ( N ) = 0 . 0
E L S E
S T E E T H ( N ) =  I N T  ( N T ( N )  / 9 . 0  +  1 . 0  +  1 . 7 5  * X ( N )  )
C A L C U L A T E  S P A N  D I M E N S I O N
1 5 2 0  S P A N ( N )  =  M N * ( N T ( N )  * C O S ( P H I C )  * I N V ( P H I S )
* +  2 . 0  * X ( N )  * S I N ( P H I C )
* +  P I  * C O S ( P H I C )  * ( S T E E T H ( N )  -  0 . 5 )  ) 
C
C  C H E C K  F O R  S U F F I C I E N T  F A C E  W I D T H
C
1 5 1 0
1 5 3 0
F M I N ( N )  =  S P A N ( N )  * S I N ( P S I B )
I F  ( F  . L E .  F M I N ( N )  +  M N  ) T H E N  
S T E E T H ( N )  =  S T E E T H ( N )  -  1 
G O T O  1 5 2 0  
E N D I F  
E N D I F  
C O N T I N U E
W R I T E  ( 6 ,  1 5 3 0  ) R M I D , A N C , T N C ,  S P A N ,  S T E E T H  
I F  ( . N O T .  S P U R  ) W R I T E  ( 6 ,  1 5 4 0  ) F M I N  
F O R M A T  (
* 6 A * R M I D  * , 2 ( F l l . 3 , 2 H * ) ,
MVI • R A D I I  T O  M I D  P O I N T  O F I N V O L U T E « ’ /
* 6 A • A N C  * ’ , 2 ( F l l . 3 , 2 H * ) ,
MVi  * C H O R D A L  H E I G H T S : @  R M I D
9
* /
* 6 A • T N C  • ’ , 2 ( F l l . 3 , 2 H • ) ,
MVI * C H O R D A L  W I D T H S @  R M I D
9* /
* 6 A * S P A N  * ’ , 2 ( F l l . 3 , 2 H • ) ,
MM * S P A N  D I M E N S I O N
9
» /
* 6 A * S T E E T H  * ’ , 2 ( F l l . 3 , 2 H * ) ,
* O V E R  N U M B E R  O F T E E T H
9*
1 5 4 0 F O R M A T  (
* 6 A  • F M I N  * ’ , 2 ( F l  1 . 3 ,  
MVI • M I N I M U M  F A C E  W I D T H  F O R
2 H  * ) , 
S P A N  D I M ’ )






S T E P  6 A . 6 C A L C U L A T E  T H E  S L I D E / R O L L  R A T I O




E P S L O N ( 2 )  =  S L I D E / R O L L  O F  W H E E L
E P S L O N ( l )  =  S O R T  ( R O ( 1 )  * R O ( l )  -  R B ( 1 )  • R B ( 1 )  ) * N T ( 2 )
* / (  (  S I N ( P H I T )  * C -  S O R T  ( R O ( l )  * R O ( l )
* - RB(1) * RB(1) ) ) * NT(1) ) - 1.0
EPSLON(2) = SORT ( RO(2) * RO(2) - RB(2) * RB(2) ) * NT(1)
* / (  (  S I N ( P H I T )  * C -  S O R T  ( R O ( 2 )  * R O ( 2 )
* -  R B ( 2 )  * R B ( 2 )  ) ) * N T ( 2 )  ) -  1 . 0
W R I T E  ( 6 ,  1 6 1 0  ) E P S L O N
1 6 1 0  F O R M A T  (
* ’ * 6 A  * E P S L O N  2 ( F I  1 . 3 ,  2 H  * ) ,
* ’ * S L I D E / R O L L  R A T I O S  .  ’ )





S T E P  6 B  I F  N O N - C O N J U G A T E  A C T I O N  T H E N  P R I N T  E R R R O R  M E S S A G E  
= = = = = = =  A N D  S T O P  R U N  A F T E R  C O M P L E T I O N  O F  S T E P S  7 ,  8 A N D  9 .
2 0 0 0  W R I T E  ( 6 ,  2 0 1 0  )
G O  T O  9 0 0
2 0 1 0  F O R M A T  ( 1 H 0 , /
* 8 X , ’ A N A L Y S I S  I N T E R U P T E D  D U E  T O  N O N - C O N J U G A T E  A C T I O N .
* 8 X ,  ’ M F  A N D  / O R  M P  M U S T  B E  I N C R E A S E D  B Y  A  C H A N G E  ’ /
* 8 X , ’ I N  F A C E  W I D T H  A N D  / O R  H E L I X  A N G L E  A N D  / O R  ’ /





S T E P  6 C  I F  T I P  I N T E R F E R E N C E  T H E N  P R I N T  E R R R O R  M E S S A G E  A N D  
= = = = = = =  S T O P  R U N  A F T E R  C O M P L E T I O N  O F  S T E P S  7 ,  8 A N D  9 .
’//
3 0 0 0  I F  ( I O P T  . G T .  1 ) W R I T E  ( 6 ,  2 0 0 2  )
3 0 0 1  C O N T I N U E
W R I T E  ( 6 ,  3 0 1 0  )
D L T A R 3 ( 1 )  =  R O ( 1 )  -  ( S Q R T  ( ( C  * S I N ( P H I T )
* -  S Q R T  ( ( B I G R F ( 2 ) + C I R E F  *M N ) * *  2 -  R B ( 2 )  * *  2 ) ) »» 2
* +  R B ( 1 )  * *  2 ) ) +  0 . 0 0 0 1  +  D L T A R O ( l )
D L T A R 3 ( 2 )  =  R O ( 2 )  -  ( S Q R T  ( ( C  * S I N ( P H I T )
* -  S Q R T  ( ( B I G R F ( 1 ) + C I R E F » M N )  * *  2 -  R B ( 1 )  * *  2 ) ) * »  2
* +  R B ( 2 )  * *  2 ) ) +  0 . 0 0 0 1  +  D L T A R O ( 2 )
I F  ( D L T A R 3 ( 1 )  . L T . 0 . 0  ) D L T A R 3 ( 1 )  =  0 . 0
I F  ( D L T A R 3 ( 2 )  . L T . 0 . 0  ) D L T A R 3 ( 2 )  =  0 . 0  
C  C H E C K  F O R  I N S U F F I C I E N T  B O T T O M  C L E A R A N C E
I F  ( G A P P  . O R .  G A P W  ) G O  T O  4 0 0 1  
C  C H E C K  F O R  I N S U F F I C I E N T  T O P  L A N D  W I D T H  C O E F F I C I E N T
I F  ( L A N D P  . O R .  L A N D W  ) G O  T O  5 0 0 1  
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W R I T E ( 6 , 2 0 5 ) R
2 0 5 F O R M A T ( ’ * 5 * R  * ’ , 2 ( F I  1 . 3 , 2 H *),* ’ MM * O P E R A T I N G  P I T C H  R A D I I *’ )
W R I T E ( 6 , 2 0 6 ) R O
2 0 6 F O R M A T ( ’ * 6 * R O  *’, 2 (F 1 1 .3 , 2H *),* ’ MM * T I P  R A D I  I *’ )
W R I T E ( 6 , 2 0 7 ) M F ,  M F
2 0 7 F O R M A T ( ’ * 7 * M F  * ’ , 2 ( F I  1 . 3 , 2 H *),* y * F A C E  C O N T A C T  R A T I O »’ ')
W R I T E ( 6 , 2 0 8 ) Z B ,  Z B ,  Z A ,  Z A
2 0 8 F O R M A T ( ’ * 8 * Z B  *’, 2 (F 1 1 . 3 , 2 H *),* ’ MM * L E N G T H  O F  A P P R O A C H  P A T H «’ /
* ’ * 8 * Z A  * ’ , 2 ( F l  1 .3 , 2H *),* ’ MM * L E N G T H  O F  R E C E S S  P A T H * )
W R I T E ( 6 , 2 0 9 ) z, Z
2 0 9 F O R M A T ( ’ * 9 * Z *’, 2 ( F l l .3 , 2 H* ’ MM * L E N G T H  O F  L I N E  O F  A C T I O N * )
S T E P  1 0 Z C  =  D I S T A N C E  F R O M  P I T C H  P O I N T  T O  S T R E S S  P O I N T
I F  ( H E L I C  ) T H E N
C O N V E N T I O N A L  H E L I C A L  G E A R S
Z C  =  S O R T  ( R ( 1 )  * *  2 -  R B ( 1 )  * *  2 )
* -  S O R T  ( 0 . 2 5  * ( ( C  -  R O ( 2 )  +  R O ( l )  ) * *  2 ) -  R B ( 1 )  * *  2 ) 
E L S E
S P U R  O R  L O W  C O N T A C T  R A T I O  H E L I C A L  G E A R S  
Z C  =  P I  * M N * C O S ( P H I S )  / C O S ( P S I S )  -  Z A  
E N D  I F
W R I T E  ( 6 ,  2 1 0  ) Z C ,  Z C
2 1 0  F O R M A T  ( ’ * 1 0  * Z C  * ’ , 2 ( F 1 1 . 3 ,  2 H * ) ,
* ’ MM * D I S T  S T R E S S  T O  P I T C H  P O I N T S  * ’ )
C
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C  S T E P  1 1  C X  =  C O N T A C T  H E I G H T  F A C T O R
C
C X  =  ( S I N ( P H I T )  -  Z C  / R ( 1 )  )  * (  S I N ( P H I T )  +  Z C  / R ( 2 )  ) 
* / ( S I N ( PHIT)  ** 2 )
W R I T E  ( 6 ,  2 1 1  ) C X ,  C X
2 1 1  F O R M A T  ( ’ » 1 1  • C X  * ’ , 2 ( F l 1 . 3 ,  2 H  » ) ,
* * C O N T A C T  H E I G H T  F A C T O R  * ’ )
C
C  S T E P  1 2  Z C H  =  D I S T A N C E  F R O M  P I T C H  P O I N T  T O  S T R E S S  P O I N T  -  L C R










I F  ( L C R  ) T H E N
Z C H  =  S Q R T  ( R ( 1 )  • • 2 -  R B ( 1 )  «« 2 )
* -  S Q R T  ( 0 . 2 5  * ( ( C  -  R O ( 2 )  +  R O ( l )  ) • *  2 ) -  R B ( 1 )  * *
C X H  =  (  S I N ( P H I T )  -  Z C H  / R ( 1 )  )  • ( S I N ( P H I T )  +  Z C H  / R ( 2 )  )
* / ( S I N ( P H I T )  * *  2 )
W R I T E  ( 6 ,  2 1 2  ) Z C H ,  Z C H ,  C X H ,  C X H
E N D  I F
2 1 2  F O R M A T  ( ’ * 1 2  * Z C H  * ’ , 2 ( F I 1 . 3 ,  2 H  * ) ,
* ’ • L E N G T H  O F  L I N E  O F  A C T I O N  L C R  * ’ /
* ’ « 1 2  * C X H  2 ( F I  1 . 3 ,  2 H  * )  ,
* ’ * C O N T A C T  H E I G H T  F A C T O R  L C R  * ’ )
S T E P  1 3 P S I B =  B A S E  H E L I X  A N G L E
I F  ( S P U R  ) T H E N  
P S I B  =  0 . 0  
E L S E
P S I B  =  A T A N (  T A N ( P S I S )  * C O S ( P H I S )  )
E N D  I F
A N G  =  R T D ( P S I B )  +  0 . 0 0 0 0 5  
W R I T E  ( 6 ,  2 1 3  ) N M S ( A N G ) ,  N S  ( A N G ) ,  N R  ( A N G )  ,
* N M S ( A N G ) ,  N S ( A N G ) , N R ( A N G )
2 1 3  F O R M A T  ( ’ « 1 3  * P S I B  * ’ , 2 ( I 4 , 1 H  , I 2 . 2 , 1 H ’ , I 2 . 2 , 1 H " , 2 H * ) ,  
« ’ D E G *  B A S E  H E L I X  A N G L E  * ’ )
S T E P  1 4  C P S  I =  H E L I C A L  O V E R L A P  F A C T O R
)
I F  ( L C R  
C P S I  = 
« / 
E L S E
C P S I  =  
E N D  I F  
W R I T E  ( 
2 1 4  F O R M A T  (
) T H E N
S Q R T  ( 1 . 0  -  M F  +  C X H  * Z  * M F  * * 2 
( C X  • F  • S I N ( P S I B )  ) )
1 . 0
6 ,  2 1 4  ) C P S I , C P S I
’ * 1 4  * C P S I  * ’ , 2 ( F l  1 . 3 ,  2 H  * ) ,





S T E P  1 5 C C  =  C U R V A T U R E  F A C T O R
)
C C  =  0 . 5  » N T ( 2 )  * C O S ( P H I T )  * S I N ( P H I T )  / ( N T ( 1 )  +  N T ( 2 )  ) 
W R I T E  ( 6 ,  2 1 5  ) C C ,  C C
















* C U R V A T U R E  F A C T O R )
S T E P  1 6 L M I N =  M I N I M U M  L E N G T H  O F  L I N E S  O F C O N T A C T
P B =  T R A N S V E R S E  B A S E  P I T C H
M P =  T R A N S V E R S E  C O N T A C T  R A T I O
N =  L I M I T I N G  N U M B E R  O F  L I N E S  O F C O N T A C T
C O =  O V E R L A P  C O E F F I C I E N T
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* N O T E .  T H E S E  E Q U A T I O N S  R E P L A C E  C L A U S E  6 . 2 . 6  O F  A G M A  2 1 8 . 0 1 - 1 9 8 2  *
* N O T E .  T H E S E  E Q U A T I O N S  R E P L A C E  C L A U S E  6 . 2 . 6  O F  A S 2 9 3 8 - 1 9 8 7  * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
I F  ( . N O T .  H E L I C  ) T H E N
L M I N  =  F  
E L S E
P B  =  P I  * M N  * C O S ( P H I S )  / C O S ( P S I S )
M P  =  Z  / P B  
N  =  I N T  ( M P  +  M F  )
C O  =  N  -  M F
I F  ( M F  . G T . N  ) C O  =  0 . 0
L M I N  =  P B  * ( M P  * N  -  C O  -  I N T ( M P )  * F R A C ( M P )
-  I N T ( C O )  * ( I N T ( M P )  +  F R A C ( C O ) -  1 ) ) / S I N ( P S I B )
A L T E R N A T E  A P P R O X I M A T I O N  F O R  L M I N  
S E E  A G M A  2 1 8 . 0 1  E Q U A T I O N  N O .  6 . 2 7  
S E E  A S 2 9 3 8 - 1 9 8 7  E Q U A T I O N  N O .  6 . 2 7  
L M I N  = 0 . 9 5  * F  * Z  / ( P I  * C O S ( P H I C )  )
E N D I F
W R I T E  ( 6 ,  2 1 6  ) L M I N ,  L M I N  
2 1 6  F O R M A T  ( ’ * 1 6  * L M I N  2 ( F I  1 . 3 ,  2 H  * ) ,
* ’ MM * M I N  L E N G T H  O F  L I N E S  O F  C O N T A C T * ’ )
C
C  S T E P  1 7  M N N  =  L O A D  S H A R I N G  R A T I O
C  = = = = = = =
C
M N N  =  F  / L M I N  
W R I T E  ( 6 ,  2 1 7
2 1 7  F O R M A T  ( ’ * 1 7* * 
c
C  S T E P  1 8  I
C  = = = = = = =
C
) M N N , M NN
* M N N  * ’ , 2 ( F l l . 3 ,  2 H  * ) ,
L O A D  S H A R I N G  R A T I O  * ’ )








I =  C X  * C P S  I * *  2 * C C  / MNN 
W R I T E  ( 6 , 2 1 8 ) 1 , 1  
2 1 8  F O R M A T  ( 1 X , 7 8 ( 1 H * )  /
* ’ * 1 8 * 1  *’,2(F11.3,2H *),
* ’ * G E O M E T R Y  F A C T O R  -  P I T T I N G  * ’ /
* I X , 7 8 ( 1 H * ) )
I F  ( I O P T  . E Q .  1 ) C A L L  P A U S
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
R E P E A T  S T E P  1 9  T O  S T E P  3 2  T W I C E  
F I R S T  F O R  P I N I O N  
T H E N  F O R  W H E E L
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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D O  8 0 0  N  = 1 , 2
c O U T P U T  =  N . E Q . 2







I F  ( S P U R  ) T H E N  
P S  I ( N )  =  0 . 0  
E L S E
P S  I ( N )  =  A T A N  ( 2 . 0  * R ( N )  * S I N ( P S I S )  / ( N T ( N )  * MN ) ) 
E N D  I F
A N N ( N )  =  R T D ( P S I ( N ) ) +  0 . 0 0 0 0 5  
I F  ( O U T P U T  )
• W R I T E  ( 6 ,  2 1 9  ) N M S ( A N N ( 1 ) ) ,  N S ( A N N ( 1 ) ) ,  N R ( A N N ( 1 ) ) ,
• N M S ( A N N ( 2 ) ) ,  N S ( A N N ( 2 ) ) ,  N R ( A N N ( 2 ) )
2 1 9  F O R M A T  ( ’ • 1 9  • P S  I * ’ , 2 ( I 4 , 1 H  , I 2 . 2 , 1 H ’ , I 2 . 2 , 1 H " , 2 H • ) ,
• ’ D E G *  O P E R A T I N G  P I T C H  D I A  H E L I X  A N G  * ’ )





I F  ( S P U R  ) T H E N  
P H I N ( N )  =  P H I T  
E L S E
P H I N ( N )  =  A T A N  ( T A N ( P H I T )  * C O S ( P S I ( N ) )  )
E N D I F
A N M ( N )  =  R T D ( P H I N ( N ) )  +  0 . 0 0 0 0 5  
I F  ( O U T P U T  )
• W R I T E  ( 6 ,  2 2 0  ) NM S ( A N M (  1 ) ) , N S ( A N M ( 1 ) ) ,  N R ( A N M (  1 ) ) ,
* NM S ( A N M (  2 ) ) , N S  ( A N M ( 2 ) ) , N R (  A N M (  2 ) )
2 2  0 F O R M A T  ( ’ * 2 0  • P H I N  * ’ , 2 ( I 4 , 1 H  , I 2 . 2 , 1 H ’ , I 2 . 2  , 1H
* ’ D E G *  O P E R A T I N G  N O R M A L  P R E S S U R E  A N G  * ’ )
S T E P  2 1 N E  = V I R T U A L  N U M B E R  O F  S P U R  T E E T H  
R O E  = V I R T U A L  S P U R  T I P  R A D I U S
2H
N E ( 1 )  =  N T ( 1 )  / ( C O S ( P S I ( l ) )  * *  3 )
N E ( 2 )  =  N E ( 1 )  * N T ( 2 )  / N T ( 1 )
R O E ( 1 )  = MN  * ( 0 . 5  * N E ( 1 )  +  X ( l )  ) +  H B ( 1 )  -  D L T A R O ( 1 )
R O E ( 2 )  = MN  * ( 0 . 5  • N E ( 2 )  +  X ( 2 )  ) +  H B ( 2 )  -  D L T A R O ( 2 )
I F  ( O U T P U T  ) W R I T E  ( 6 ,  2 2 1  ) N E ,  R O E
2 2 1  F O R M A T  ( ’ * 2 1  * N E  * ’ , 2 ( F l  1 . 3 ,  2 H * ) ,
* ’ * V I R T U A L  N U M B E R  O F  S P U R  T E E T H  * ’ /
* ’ * 2 1  * R O E  * ’ , 2 ( F l  1 . 3 ,  2 H  * ) ,
* ’ MM * V I R T U A L  S P U R  T I P  R A D I I  * ’ )
C
C  S T E P  2 2  B E T A  =  A N G L E  B E T W E E N  V I R T U A L  B A S E  R A D I U S  &  T I P  R A D I U S
C  = = = = = = =  P H I L N  =  L O A D  A N G L E  A T  T I P
C  P H I L  =  L O A D  A N G L E  A T  T I P  O R  H P S T C
C  R B E  =  E Q U I V A L E N T  B A S E  R A D I U S
C  R E  = E Q U I V A L E N T  O P E R A T I N G  P I T C H  R A D I U S
C  Z N E  = E Q U I V A L E N T  L E N G T H  O F  L I N E  O F  A C T I O N
C  N B :  " H P S T C "  =  H I G H E S T  P O I N T  O F  S I N G L E  T O O T H  C O N T A C T
B E T A ( N ) =  A C O S  ( 0 . 5  * N E ( N )  * MN * C O S ( P H I C )  / R O E ( N ) )
P H I L N ( N )  =  T A N  ( B E T A ( N )  )






* -  I N V ( P H I C )
I F  ( H E L I C  ) T H E N
C A L C U L A T I O N  O F  L O A D  A N G L E  A T  T I P  F O R  C O N V E N T I O N A L  H E L I C A L  G E A R S  
P H I L ( N )  =  P H I L N ( N )
E L S E
I F  ( S P U R  ) T H E N
I F  ( R O U G H  . N E .  1 )  T H E N
C A L C U L A T I O N  O F  L O A D  A N G L E  A T  H P S T C  F O R  A C C U R A T E  S P U R  G E A R S  
P H I L ( N )  =  P H I L N ( N ) -  2 * ( Z / M N - P I *  C O S ( P H I C )  ) /
* ( N T ( N )  * C O S ( P H I C )  )
E L S E
C A L C U L A T I O N  O F  L O A D  A N G L E  A T  T I P  F O R  I N A C C U R A T E  S P U R  G E A R S  
P H I L ( N )  =  P H I L N ( N )
E N D  I F  
E L S E
C CALCULATION OF LOAD ANGLE AT HPSTC FOR LCR HELICAL GEARS 
R B E ( l )  = 0 . 5  * N E ( 1 )  * MN * CO S (P HI C)
R B E ( 2 )  = R B E ( l )  * N T ( 2 )  / N T ( 1 )
R E ( 1 )  = R ( 1 )  /  ( COS( P S  I ( 1 ) )  ** 2 )
R E ( 2 )  = R E ( 1 )  * N T ( 2 )  / N T ( 1 )
ZNE = SQRT( ROE(2)* * 2-RBE(2)* » 2 ) - SQRT( RE(2)* * 2-RBE(2)* * 2
* + SQRT( ROE( 1 ) *  * 2 - R B E ( 1 ) *  * 2 ) -  SQRT( R E ( 1 ) *  * 2 - R B E ( 1 ) *  * 2
P H I L ( N )  = P H I L N ( N )  -  2 . 0  * ( ZNE / MN -  PI * CO S( PH IC )  )
* / ( N E ( N )  * C O S ( P H I C )  )
ENDIF
ENDIF
IF ( OUTPUT ) WRITE ( 6 ,  2 2 2  ) BETA
2 2 2 FORMAT ( ’ * 2 2 * BETA * ’ , 2 ( F 1 1 . 3 ,  2H « ) ,
* ’ RAD* BASE & T I P  RADII INCLUDED ANGS * ’ )
IF  ( OUTPUT .AND.  SPUR .AND.  ROUGH . E Q . 0 )
* WRITE ( 6 ,  2 7 2  ) PHILN
IF ( OUTPUT .AND.  LCR ) WRITE ( 6 ,  2 7 2  ) PHILN
2 7  2 F O R M A T ( ’ * 2 2 * P H I L N  * ’ , 2 ( F 1 1 . 3 , 2 H
* ’ R A D * L O A D  A N G L E A T  T I P
>* )
I F ( O U T P U T . A N D .  L C R  )
* W R I T E ( 6 , 3 2 2  ) R B E ,  R E ,  Z N E ,  Z N E
3 2 2  F O R M A T ( ’ * 2 2 * R B E  * ’ , 2 ( F 1 1  . 3 , 2H
* ’ MM * E Q U I V A L E N T B A S E  R A D I  I * /
* ’ * 2 2 * R E  * ’ , 2 ( F l l . 3 , 2 H * ) ,
* ’ MM * E Q U I V A L E N T O P E R A T I N G  R A D I  I
>* /
* ’ * 2 2 * Z N E  * ’ , 2 ( F l l . 3 , 2 H
* ’ MM * E Q U I V A L E N T Z  F O R  L C R  H E L I C A L  * ’ )
I F  ( O U T P U T  . A N D . H E L I C )  W R I T E  ( 6 ,  3 7 2 ) P H I L
3 7 2  F O R M A T ( ’ * 2 2 * P H I L  * ’ , 2 ( F l l  . 3 , 2 H
* ’ R A D * L O A D  A N G L E S A T  T I P * )IF ( OUTPUT .AND. .NOT. HELIC ) THEN 
IF ( ROUGH .NE. 1 ) THEN
WRITE ( 6, 422 ) PHIL 
ELSE
WRITE ( 6, 372 ) PHIL
ENDIF 
ENDIF
422 FORMAT ( ’ * 22 * PHIL 2 (FI 1.3, 2H *),































I F  ( H E L I C  . O R .  R O U G H  . E Q .  1 ) T H E N  
L A M B D A ( N ) =  0 . 7 5  * P H I C  
E L S E
L A M B D A ( N )  =  P H I C  
E N D I F
L A M B  A I  ( N )  =  L A M B D A ( N )
I F  ( O U T P U T  ) W R I T E  (  6 ,  2 2 3  ) L A M B A I  
2 2 3  F O R M A T  ( ’ * 2 3  * L A M B A I  2 ( F I 1 . 3 ,  2 H  * ) ,
* ’ R A D *  L A M B D A  -  I N I T I A L  V A L U E
S T E P  2 4 K 1 =  C O N S T A N T
K 2 =  C O N S T A N T
K 3 =  C O N S T A N T
S T E P  2 3 T O  S T E P  2 7  C O N S T I T U T E  T H E  L A M B D A  M E T H O D  F O R  T H E  
D E T E R M I N A T I O N  O F  T H E  A C T U A L  P A R A B O L A  H E I G H T  A N D  W I D T H
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
K 1 ( N )  =  ( H A ( N )  -  R T ( N )  ) / M N -  X ( N )
+ 0 . 5  » B N ( N )  / ( M N  * T A N ( P H I C )  )
I F  ( K 1 ( N )  . E Q .  0 . 0  ) K 1 ( N )  =  1 . 0 E - 1 6  
K 2 ( N )  =  0 . 2 5  * P I  +  ( H A ( N )  * T A N ( P H I C )  +  R T ( N )  
* ( 1 . 0  -  S I N ( P H I C )  ) / C O S ( P H I C ) ) / MN
K 2 ( N )  = K 2 ( N )  - ( ( D E L T A O ( N ) / C O S ( P H I C ) ) / MN )
K 3 ( N )  = 0 . 5  * N E ( N )  / K 1 ( N )
I F  ( O U T P U T  ) W R I T E  ( 6 , 2 2 4  ) K l , K 2 , K 3
F O R M A T ( ’ * 2 4 * K 1 • ’ , 2 ( F 1 1  . 3 , 2 H  « ) .
’ MM * C O N S T A N T -  K 1 * ’ /
’ * 2 4 * K 2 * ’ , 2 ( F l l . 3 , 2 H * ) ,
’ MM * C O N S T A N T -  K 2 » ’ /
’ * 2 4 * K 3 2 ( F l  1 . 3 , 2 H * ) .*
* C O N S T A N T -  K 3 • ’ )






V A R I A B L E
V A R I A B L E
V A R I A B L E
V A R I A B L E
V A R I A B L E
V A R I A B L E
K O U N T 1  = N U M B E R  O F  I T E R A T I O N S  O F  L A M B D A ( N )  P R E F O R M E D  
K O U N T 2  =  N U M B E R  O F  I T E R A T I O N S  O F  K 6 ( N )  P R E F O R M E D
K O U N T 1  =  0
2 5  K O U N T 1  =  K O U N T 1  +  1
S T O P  A N A L Y S I S  I F  M O R E  T H A N  2 0 I T E R A T I O N S  O F  L A B M D A ( N )
C
I F  ( K O U N T 1  . G T .  2 0  ) G O  T O  3 2 5
K 4 ( N )  =  0 . 5  * P I  -  L A M B D A ( N ) -  2 . 0  « K 2 ( N )  / N E ( N )
K 5 ( N )  =  K 3 ( N )  / ( K 3 ( N )  +  1 . 0  ) * K 4 ( N )
K 6 ( N )  =  K 5 ( N )  -  ( T A N ( K 5 ( N ) ) +  K 5 ( N )  * K 3 ( N )  -  K 4 ( N )  • K 3 ( N )  ) 
.  / ( ( 1 . 0  / C O S ( K 5 ( N ) ) ) * *  2 +  K 3 ( N )  )
K O U N T 2  =  0
7 5  K O U N T 2  =  K O U N T 2  +  1
231
C  S T O P  A N A L Y S I S  I F  M O R E  T H A N  2 0 I T E R A T I O N S  O F  K 6 ( N )
C
I F  ( K O U N T 2  . G T .  2 0  ) G O  T O  4 2 5  
C
K 7 ( N )  =  K 6 ( N )  -  ( T A N ( K 6  ( N )  ) +  K 6 ( N )  * K 3 ( N )  -  K 4 ( N )  * K 3 ( N )  )
* / (  (  1 . 0  / C O S ( K 6 ( N ) ) ) * *  2 +  K 3 ( N )  )
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C  * I T E R A T I V E  L O O P  F O R  M O R E  E X A C T  A N S W E R S  *
C  * A C T I V A T E D  B Y  I C O D E  =  1 *
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I F  ( I C O D E  . E Q .  1 . A N D .
* A B S  ( T A N ( K 7  ( N ) ) / K 3 ( N )  +  K 7 ( N )  -  K 4 ( N )  ) . G T .  1 . 0 E - 0 8  ) T H E N  
K 6 ( N )  =  K 7 ( N )
G O  T O  7 5  
E N D I F
c ****************************************************************
K 8 ( N )  =  0 . 5  * P I  -  L A M B D A ( N ) -  K 7 ( N )
K 9 ( N )  =  R T ( N )  / MN  +  K 1 ( N )  / C O S ( K 7 ( N ) )
C
C
C  S T E P  2 6 T E  =  I N S C R I B E D  P A R A B O L A  W I D T H
C  = = = = = = =  H E  = I N S C R I B E D  P A R A B O L A  H E I G H T
C
T E ( N )  =  M N  * ( N E ( N )  * S I N ( K 8 ( N ) )  -  2 . 0  * K 9 ( N )  * C O S  ( L A M B D A  ( N ) ) ) 
H E ( N )  =  M N  * ( 0 . 5  * N E ( N )  * ( C O S ( P H I C )
* / C O S ( PHIL(N)) -  C O S (K8(N)) ) +  K9(N) * S  IN ( L A M B D A (N ) )  )
C







L A M B A l ( N )  = A T A N  ( 0 . 2 5  * T E ( N )  / H E ( N )  ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* I T E R A T I V E  L O O P  F O R  M O R E  E X A C T  A N S W E R S  *
* A C T I V A T E D  B Y  I C O D E  =  1 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I F  ( I C O D E  . E Q . 1 . A N D .  A B S  ( L A M B A 1  ( N )  - L A M B D A ( N )  ) . G T .  1 . 0 E - 0 8  ) T H E N  
L A M B D A  ( N  ) =  A B S (  L A M B  A 1 ( N  ) )
G O  T O  2 5 
E N D I F
(2 ****************************************************************
I F  ( I C O D E  . E Q . 0 . A N D .  A B S  ( L A M B A 1  ( N )  - L A M B D A ( N )  ) . G T .  0 . 0 5  ) T H E N  
L A M B D A  ( N ) = A B S (  L A M B  A 1 ( N )  )
G O  T O  2 5  
E N D I F
L A M B D A ( N )  =  L A M B A 1 ( N )
G O  T O  2 7  
C
C  I F  T O O  M A N Y  I T E R A T I O N S  O F  L A M B D A ( N ) W R I T E  M E S S A G E  &  S T O P  A N A L Y S I S
C
3 2 5  C O N T I N U E
W R I T E  ( 6 ,  3 7 5  )
G O  T O  9 00
3 7 5  F O R M A T  ( I X ,  7 8  ( 1 H »  ) /  ’ * A N A L Y S I S  S T O P P E D  D U E  T O  NO N
» ’ C O N V E R G E N C E  O F  L A M B D A  C H E C K  I N P U T  D A T A  * ’ /
.  I X  , 7 8  ( 1 H *  ) )
C










4 2 5  C O N T I N U E
W R I T E  ( 6 ,  4 7 5  )
G O  T O  9 0 0
4 7  5 F O R M A T  ( I X ,  7  8 ( 1 H *  ) /  ’ * A N A L Y S I S  S T O P P E D  D U E  T O  N O N
* ’ C O N V E R G E N C E  O F  K 6  C H E C K  I N P U T  D A T A  .  ’ /
* I X  , 7 8  ( 1 H *  ) )
C O N T I N U E  A N A L Y S I S  
2 7  C O N T I N U E
I F  ( O U T P U T  ) W R I T E  ( 6 , 2 2 5  ) K 4 , K 5 , K 6
I F  ( O U T P U T  ) W R I T E  ( 6 , 2 7 5  ) K 7 , K 8 , K 9
2 2 5  F O R M A T ( ’ * 2 5 * K 4 * \  2 ( F l  1 . 3 , 2 H • ) ,
* 9 * V A R I A B L E -  K 4
9*
* ’ * 2 5 * K 5 • \  2 ( F l l . 3 , 2 H • ) ,
* ’ R A D * V A R I A B L E -  K 5
9* /
* ’ * 2 5 * K 6 * ’ , 2 ( F l  1 . 3 , 2 H • ) .
* ’ R A D * V A R I A B L E -  K 6
9
* )
2 7 5  F O R M A T ( ’ * 2 5 * K 7 * \  2 ( F l l . 3 , 2 H • ) .
* ’ R A D * V A R I A B L E -  K 7
9* /
* ’ * 2 5 * K 8 * \  2 ( F l l . 3 , 2 H * ) ,
* ’ R A D * V A R I A B L E -  K 8
9
* /
* ’ * 2 5 * K 9 * \  2 ( F l l . 3 , 2 H • ) ,
* ’ MM * V A R I A B L E -  K 9
9* )
I F  ( O U T P U T  ) W R I T E  ( 6 , 2 2 6  ) T E ,  H E
2 2 6  F O R M A T ( ’ * 2 6 * T E * ’ , 2 ( F l l . 3 , 2 H • ) ,
* ’ MM * I N S C R I B E D P A R A B O L A  -  W I D T H S
9* /
* ’ * 2 6 * H E * \  2 ( F l l . 3 , 2 H • ) .
* ’ MM * I N S C R I B E D P A R A B O L A  -  H E I G H T S
9* )
I F  ( O U T P U T  ) W R I T E  ( 6 , 2 2 7  ) L A M B D A
2 2 7  F O R M A T ( ’ * 2 7 * L A M B D A * \  2 ( F l l . 3 , 2 H * ) .
* ’ R A D * L A M B D A  - F I N A L V A L U E S
9
* )
I F  ( O U T P U T  . A N D .  I O P T  . E Q .  1 )  C A L L  P A U S
S T E P  2 8 O M E G A  = L O A D  I N C L I N A T I O N  A N G L E  I N  D E G R E E S  / 1 0  0 . 0
= = = = = = =  C H  =  H E L I C A L  F A C T O R
I F  ( H E L I C  ) T H E N
O M E G A  =  A T A N (  T A N ( P S I ( N ) )  * S I N ( P H I N ( N ) )  ) 
C H ( N )  =  1 . 0  / ( 1 . 0  -  S Q R T (  O M E G A  -  O M E G A  
E L S E
C H ( N )  = 1 . 0  
E N D  I F
I F  ( B U T T ( N ) . E Q .  1 ) C H ( N )  =  C H ( N )  * 1 . 1  
I F  ( O U T P U T  ) W R I T E  ( 6 ,  2 2 8  ) C H  
2 2 8 F O R M A T  ( ’ * 2 8  * C H  2 ( F I  1 . 3 ,  2 H  * )
* ’ * H E L I C A L  F A C T O R
C
C  S T E P  2 9  K P S  I = H E L I X  A N G L E  F A C T O R
C  = = = = = = =
C
1 . 8  / P I  
2 ) )
)
I F  ( H E L I C  ) T H E N
K P S I ( N )  =  C O S ( P S I ( N ) ) * C O S ( P S I S )  
E L S E
K P S I ( N )  =  1 . 0
E N D  I F
233
I F  ( O U T P U T ) ’




c S T E P 3 0 Yc
c
Y(N) =  K P S I ( N )
* * ( 6 . 0 *
I F  ( O U T P U T ) 1
2 3 0  F O R M A T  ( ’ * 3
* t
c






9 * K P S I  * , 2 ( F U  . 3 , 2 H  * ) ,
* H E L I X  A N G L E  F A C T O R
=  T O O T H  F O R M  F A C T O R
0 * Y  * , 2 ( F 1 1 . 3 ,  2H  * ) .
* T O O T H  F O R M  F A C T O R S  .  ’
=  O P E R A T I N G  D E D E N D U M  
=  M I N I M U M  R O O T  F I L L E T  R A D I U S  
=  D O L A N  -  B R O G H A M E R  F A C T O R  -  H 
=  D O L A N  -  B R O G H A M E R  F A C T O R  -  L  
=  D O L A N  -  B R O G H A M E R  F A C T O R  -  M  
=  S T R E S S  C O N C E N T R A T I O N  F A C T O R
B ( N )  = R ( N )  +  H A ( N )  -  M N  * ( X ( N )  +  0 . 5  * N T ( N )  / C O S ( P S I S )
* -  0 . 5  * B N ( N )  / ( M N  * S I N ( P H I C )  ) )
R F ( N )  =  ( B ( N ) - R T ( N ) ) * * 2 / ( 0 . 5  * MN  * N E ( N ) + B ( N ) - R T ( N ) ) + R T ( N ) 
H ( N )  =  0 . 3 4  -  0 . 4 5 8 3 6 6 2 4  * P H I N ( N )
L ( N )  =  H ( N )  - 0 . 0 3
M ( N )  =  0 . 2 5  +  0 . 5 7 2 9 5 7 8  * P H I N ( N )
K F ( N )  =  H ( N )  +  ( ( T E ( N )  / R F ( N )  ) * «  L ( N )  )
* * ( ( TE(N) /HE(N) ) ** M(N) )
I F  ( O U T P U T  ) W R I T E  ( 6 ,  2 3 1  ) B ,  R F ,  H
I F  ( O U T P U T  ) W R I T E  ( 6 ,  2 8 1  ) L ,  M ,  K F
2 3 1  F O R M A T  (
2 8 1 F O R M A T  (
♦ 3 1 * B * , 2 ( F 1 1  . 3 , 2H  * ) ,
MVI * O P E R A T I N G  D E D E N D A
9
* /
* 3 1 * R F * ’ , 2 ( F l l . 3 , 2 H • ) ,
MM * M I N I M U M R O O T  F I L L E T  R A D I I
t
* /
* 3 1 * H , 2 ( F l l . 3 , 2 H * ) ,
* D O L A N  - B R O G H A M E R  F A C T O R  -  H
y
* )
* 3 1 * L * ’ , 2 ( F l  1 . 3 , 2 H * ) ,
* D O L A N  - B R O G H A M E R  F A C T O R  -  L
y
* /
* 3 1 * M * ’ , 2 ( F l  1 . 3 , 2 H  * ) ,
* D O L A N  - B R O G H A M E R  F A C T O R  -  M
y
* /
* 3 1 * K F * ’ , 2 ( F l l . 3 , 2 H * ) ,
* S T R E S S  C O N C E N T R A T I O N  F A C T O R S
y
* )
S T E P  3 2 =  S T R E N G T H  G E O M E T R Y  F A C T O R
J ( N )  =  Y ( N )  * C P S I  / ( K F ( N )  « MNN ) 
I F  ( O U T P U T  ) W R I T E  ( 6 ,  2 3 2  ) J 
2 3 2  F O R M A T  ( 1 X , 7 8 ( 1 H * ) /
* ’ * 3 2  * J * ’ , 2 ( F 1 1  . 3 , 2 H  * ) ,
* ’ * G E O M E T R Y  F A C T O R S  -  S T R E N G T H
* I X ,  7 8 ( 1 H * ) )
8 0 0  C O N T I N U E
I F  ( I O P T  . E Q .  1 ) T H E N  





E L S E
W R I T E  ( 6 ,  2 0 0 2  ) 
E N D I F
P R I N T  O U T  G E A R  S U M M A R Y
I F  ( R T E E T H  . E Q .  0 ) T H E N  
C R A C K  =  0 . 0  
E L S E
C R A C K  =  C  -  C N T R S  
A N M ( l )  =  R T D ( P H I C )  +  0 . 0 0 0 0 5  
A N M (  2 )  =  R T D ( P H I C )  +  0 . 0 0 0 0 5  
E N D I F
R M I D (  2 ) =  R M I D (  2 ) -  C R A C K  
H A B ( l )  =  H A ( 1 )  +  H B ( 1 )
H A B ( 2 )  = H A ( 2 )  +  H B ( 2 )
A ( l )  =  R O ( 1 )  -  R ( 1 )
A ( 2 )  =  R O ( 2 )  -  R ( 2 )
A B  ( 1 ) =  A ( l ) +  B  ( 1 )
A B  ( 2 ) =  A (  2 ) +  B  ( 2 )
DO ( 1 ) =  2 . 0  « R O (  i  )
DO ( 2 ) =  2 . 0 * ( R O ( 2 ) -  C R A C K )
D (  1 ) = 2 . 0 * R ( l )
D (  2 ) ■= 2 . 0  » ( R ( 2 )  - C R A C K  )
D R (  1 ) =  2 . 0 * R R (  i  )
D R (  2 ) =  2 . 0  » ( R R ( 2 ) -  C R A C K )
D S  ( 1 ) =  2 . 0 * RS ( i  )
D S  ( 2 ) =  2 . 0 * ( R S ( 2 ) -  C R A C K )
C M (  1 ) =  C U ( 1 ) * MN
C M (  2 ) =  C U ( 2 ) * MN
C N (  1 ) =  C I ( 1 ) * MN
C N (  2 ) =  C I ( 2 ) * MN
S T E E T H ( 1 )  
S T E E T H ( 2 )
I T E E T H ( 1 )  =
I T E E T H ( 2 )  =
N W T  =  NW
I F  ( R T E E T H  . G T .  0 
C T  =  C
I F  ( R T E E T H  . G T .  0
) N W T =  R T E E T H  
) C T  =  C N T R S
W R I T E ( 6 , 1 0 0 1 0 ) N N ,  T Y P E ( I C O D E + 1 ) , T I T L E ,
W R I T E ( 6 , 1 0 0 2 0 ) M N ,  M N ,
* N X ( A N l ) ,  N Y ( A N l ) , N Z ( A N 1 )
* N X ( A N l ) ,  N Y ( A N l ) , N Z ( A N 1 )
* R T ,  H A ,  H B ,  D E L T A O
I F  ( I O P T . E Q .  1 ) C A L L  P A U S
W R I T E ( 6 , 1 0 0 3 0 ) N P , N WT
W R I T E ( 6 , 1 0 0 3  1 ) N X ( A N 2 ) ,  N Y ( A N 2 ) , N Z ( A N 2 )
* N X ( A N 2 ) ,  N Y ( A N 2 ) , N Z ( A N 2 )
W R I T E ( 6 , 1 0 0 3 2 ) X ,  D L T A R O ,
O T T ,  O S S
• NMS(ANM(1)), NS(ANM(1))
• N M S ( A N M (  2 ) ) ,  N S ( A N M (  2 ) )
• D S ,  D ,  C T ,  C T ,  A ,  B ,  A B
• C N ,  C M ,  E P S L O N ,  M T ,  M T
W R I T E  ( 6 ,  1 0 0 4 0  ) I , I , J
I F  ( I O P T  . E Q .  1 ) C A L L  P A U S  
W R I T E  ( 6 ,  1 0 0 5 0  ) Q V , B N ,  D O , D R , R M I D , A N C
I F  ( I O P T  . N E .  1 )  T H E N  
W R I T E  ( 6 ,  1 0 0 6 0  )
NR( ANM( 1 ) ) ,  
NR( ANM ( 2 ) ) ,  
H A B ,
T N C , S P A N ,  I T E E T H ,  T O
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E N D I F
1 0 0 1 0  F O R M A T  ( 9 H  G E A R  S E T ,  1 3 ,  5 X ,  A 1 4  / I X ,  A 6 8  /
T H E  F O L L O W I N G  T A B U L A T I O N  S H O U L D  B E  I N C L U D E D  O N  E N G I N E E R I N G  
D R A W I N G S . ’ / /
’ , 7  3 ( 1 H * ) /
* ’ , 5 X , A 4 2 , A 1 9  , 5 X , ’ * ’ /
’ , 7  3 ( 1 H * ) )
1 0 0 2 0  F O R M A T  (
* 0 H O B  O R  C O U N T E R P A R T  R A C K  D E T A I L S * U N I T * P I N I O N 0 9 9J* W H E E L  * ’ / 3 H  , 7 3 (  1 H *  ) /
9* 0 N O R M A L  M O D U L E * MM * 9 2 ( F 1 2 . 3 , 3 II * ) /** 0 N O R M A L  P R E S S U R E  A N G L E * DM S 0 9
* 2 (  1 5  , 1 H 1 2 . 2 , I H ’ , 1 2 . 2 , I H " , 3 H * ) /
9* 0 T I P  R A D I U S 0 MM * 9 2 ( F 1 2 . 3  , 3 H • ) /
90 • S T A N D A R D  A D D E N D U M 0 MM 0 9 2 ( F l  2 . 3 , 3 H * ) /
90 0 S T A N D A R D  D E D E N D U M 0 MM 0 9 2 ( F 1 2 . 3 , 3H • ) /
9* 0 P R O T U B E R A N C E 0 MM 0 9 2 ( F 1 2 . 3 , 3 H * ) )
1 0 0 3 0  F O R M A T  ( ’ ’ , 7 3 ( 1 H * )  /
9* 0 D E S I G N  D E T A I L S 0 U N I T 0 P I N I O N * y
9* W H E E L  * ’ / 3 H  , 7  3 ( 1 H * ) /
9* 0 N U M B E R  O F  T E E T H 0 90 2 ( 1 9 , 3 X , 3 H * ) )
1 0 0 3 1  F O R M A T  (
9




* 2 (  I 5 , 1 H 1 2 . 2 , 1 H ’ , I 2 . 2 , 1 H " , 3 II * ) )
1 0 0 3 2  F O R M A T  (
9
0 0 A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T S
9
0
9 2 ( F l  2 . 3 , 3 H • ) /
»
* 0 R A D I A L  T O O T H  T R U N C A T I O N S  ( T O P P I N G ) MM
9
0
9 2 ( F 1 2 . 3 , 3 1 1 • ) /
9




* 2 (  1 5  , 1 H 1 2 . 2 , 1 H ’ I 2 . 2 , 1 H " , 3 1 1 • ) /
9
0 0 R E F E R E N C E  P I T C H  C I R C L E  D I A M E T E R S MM
9
0
9 2 ( F l  2 . 3 , 3 II • ) /
9
0 0 O P E R A T I N G  P I T C H  C I R C L E  D I A M E T E R S MM
9
0 2 ( F l  2 . 3 , 3 H • ) /
9
0 0 O P E R A T I N G  C E N T R E  D I S T A N C E MM
9
0
9 2 ( F l  2 . 3 , 3 H * ) /
9
0 0 O P E R A T I N G  A D D E N D A MM
9
0
9 2 ( F  1 2 . 3 , 3H • ) /
9
0 0 O P E R A T I N G  D E D E N D A MM
9
0
9 2 ( F l  2 . 3 , 3 II • ) /
9* 0 A C T U A L  D E P T H  O F  T E E T H MM 90 9 2 ( F  1 2 . 3 , 3 H • ) /
9
0 0 N O M I N A L  D E P T H  O F  T E E T H MM
9
0
9 2 ( F 1 2 . 3 , 3 H • ) /
9
0 0 I N V O L U T E  C L E A R A N C E S MM
9
0
9 2 ( F 1 2 . 3 , 311 • ) /
9
0 0 B O T T O M  C L E A R A N C E S MM
9
0
9 2 ( F 1 2 . 3 , 3 H • ) /
9
0 0 S L I D E / R O L L  R A T I O S
9
0
9 2 ( F l  2 . 3 , 3 H * ) /
9
0 0 C O N T A C T  R A T I O
9
0
9 2 ( F 1 2 . 3 , 3H • ) )
1 0 0 4 0  F O R M A T  (
9
0 0 G E O M E T R Y  F A C T O R  -  P I T T I N G
9
0
9 2 ( F 1 2 . 3  , 3 II * ) /
9* 0 G E O M E T R Y  F A C T O R S  -  S T R E N G T H 90 9 2 ( F 1 2 . 3 , 3 II * ) )
1 0 0 5 0  F O R M A T  ( ’ ’ , 7 3 ( 1 H * )  /
9
0 0 M A C H I N I N G  D E T A I L S » U N I T 0 P I N I O N * y
9
0 W H E E L  * ’ / 3 H  , 7 3 ( 1 H * )  /
9
0 0 Q U A L I T Y  N U M B E R S  ( A G M A  3 9 0 )
9*
9 2 (  1 9 ,3 X , 311 • ) /
9
0 0 N O R M A L  T H I N N I N G  O F  T E E T H ( B A C K L A S H ) MM
9
0
9 2 ( F 1 2 . 3  , 3 II • ) /
9
0 0 O U T S I D E  D I A M E T E R S MM
9
0
9 2 ( F 1 2 . 3 , 3 H * ) /
9
0 0 R O O T  D I A .  I N C L U D I N G  B A C K L A S H MM
9
0
9 2 ( F 1 2 . 3 , 3 1 1 * ) /
9
0 0 R A D I I  T O  M I D  P O I N T  O F  I N V O L U T E MM
9
0
9 2 ( F  1 2 . 3 , 3 H * ) /
9
0 0 C H O R D I A L  H E I G H T S  @  R M I D MM
9
0
9 2 ( F 1 2 . 3 , 3H • ) /
9
0 0 C H O R D I A L  W I D T H S  @  R M I D MM
9
0
9 2 ( F  1 2 . 3 , 3H • ) /
9
0 0 S P A N  G A U G E  D I M E N S I O N S MM
9
0
9 2 ( F 1 2 . 3 , 311 * ) /
9
0 * N U M B E R  O F  T E E T H  S P A N N E D 90 9 2 ( 1 9 , 3 X , 3 H * ) /
9
0 * T O P  L A N D  W I D T H S MM
9
0
9 2 ( F 1 2 . 3 , 3 1 1 * ) /
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* * N O T E :  C H O R D A L  &  S P A N  D I M E N S I O N S  H A V E  B A C K L A S H  I N C O R P O R A T E D  ’
* 1 2 X ,  7  3 ( 1 H * ) ) ’
1 0 0 6 0  F O R M A T  ( / / /
* D E S I G N E R :  D A T E  • ’ ")c ‘ -------
9 0 0  C O N T I N U E
C L O S E  ( 5 )
C L O S E  ( 6 )
O P E N  ( 5 ,  F I L E = ’ C O N ’ )
OPEN ( 6, FILE=’CON’ )
I F  ( I O P T  . E Q .  1 ) C A L L  P A U S
C  R E S T O R E  O R I G I N A L  V A L U E S  T O  D L T A R O , P H I C ,  P S  I S
D L T A R O ( l )  =  T D L T A R ( 1 )
D L T A R O ( 2 )  =  T D L T A R ( 2 )
P H I C  =  T P H I C  
P S I S  =  T P S  I S
R E T U R N
E N D
APPENDIX B
TABULATION OF CONVERGENCE VALUES
B E F O R E  T E S T S  A P P L I E D
K7
M A X I M U M V A L U E S M I N I M U M V A L U E S
NE X P H I L M A X I M U M N E X P H I L M I N I M U M
50 -0.1 0 . 0 0 0 2 . 0 0 0 1 0 0 0 0 0 0 0 0.3 0 . 5 0 0 - 2 8 . 1 6 9 - 1 . 5 7 1
1000 -0. 3 0 . 4 0 0 1 1 9 . 3 8 7 500 -0. 2 0 . 5 0 0 - 5 8 . 3 4 1 - 1 . 5 7 0
160 0.2 0 . 5 0 0 1 0 5 . 9 8 4 300 - 0 . 4 0 . 5 0 0 - 7 4 . 6 2 8 - 1 . 5 6 0
200 -0 . 4 0.5 0 0 3 4 0 . 9 5 6 42 0. 4 0 . 7 0 0 - 2 6 9 . 2 5 1 - 1 . 5 5 0
38 0.3 0.7 0 0 1 5 4 . 3 3 0 36 0.9 0 . 3 0 0 - 3 6 6 . 7 5 0 - 1 . 5 4 0
65 -0.1 0.6 0 0 69.6 4 9 85 - 0 . 4 0 . 6 0 0 - 1 2 5 0 . 2 8 4 - 1 . 5 3 0
75 -0.5 0.6 0 0 1 5 8 . 3 1 3 70 1.0 0 . 4 0 0 - 2 7 1 . 8 8 9 - 1 . 5 2 0
52 1.0 0.4 0 0 2 1 6 0 . 0 5 6 14 0.3 0 . 9 0 0 - 8 1 . 8 0 9 - 1 . 5 1 0
40 1.0 0.4 0 0 7 0 7 . 6 4 6 44 - 0 . 5 0 . 7 0 0 - 5 3 . 6 1 3 - 1 . 5 0 0
38 -0.5 0.7 0 0 1 1 6 . 6 6 6 30 1.0 0 . 4 0 0 - 2 6 . 4 8 6 - 1 . 4 9 0
26 1.0 0 . 4 0 0 9 9 . 5 7 4 24 -0. 3 0 . 8 0 0 - 6 0 . 1 8 3 - 1 . 4 8 0
13 0.0 0 . 9 0 0 3 3 . 3 2 6 15 -0.1 0 . 9 0 0 - 2 7 . 5 0 9 - 1 . 4 7 0
18 1.0 0.3 0 0 1 9 4 . 0 1 2 15 -0. 2 0 . 9 0 0 - 3 1 . 7 5 9 - 1 . 4 6 0
19 -0 . 4 0.8 0 0 3 2 . 2 3 3 15 1.0 0 . 3 0 0 - 5 0 . 2 3 7 - 1 . 4 5 0
19 -0 . 5 0 . 8 0 0 3 1 . 4 9 7 13 1.0 0 . 3 0 0 - 5 6 . 0 5 9 - 1 . 4 4 0
12 1.0 0 . 3 0 0 1 9 . 6 3 0 15 - 0 . 5 0 . 9 0 0 - 2 6 . 0 3 2 - 1 . 4 3 0
16 -0.5 0 . 8 0 0 1 6 . 3 3 5 10 1.0 0 . 3 0 0 - 5 1 . 0 5 6 - 1 . 4 2 0
12 -0. 4 0 . 9 0 0 1 7 . 6 5 1 10 -0 . 4 1 . 0 0 0 - 2 0 . 8 9 3 - 1 . 4 1 0
12 -0. 5 0 . 9 0 0 2 3 . 1 3 7 10 - 0 . 5 1 . 0 0 0 - 1 9 . 2 6 9 - 1 . 4 0 0
11 - 0 . 5 0 . 9 0 0 1 7 . 3 2 8 10 - 0 . 5 1 . 0 0 0 -5. 5 0 1 - 1 . 3 9 0
10 -0 . 5 0 . 9 0 0 9 . 7 7 1 10 - 0 . 5 1 . 0 0 0 - 1 . 2 1 2 - 1 . 3 8 0
10 -0 . 5 0 . 9 0 0 1 0 . 8 4 8 10 - 0 . 5 1 . 0 0 0 - 0 . 3 5 8 - 1 . 3 7 0
11 - 0 . 5 0 . 8 0 0 7 . 0 6 5 10 - 0 . 5 1 . 0 0 0 - 0 . 0 6 7 - 1 . 3 6 0
10 - 0 . 5 0 . 8 0 0 6 . 4 6 8 500 - 0 . 5 0 . 0 0 0 - 0 . 0 0 3 - 1 . 3 5 0
10 - 0 . 5 0 . 8 0 0 5 . 7 5 3 500 - 0 . 5 0 . 0 0 0 - 0 . 0 0 3 - 1 . 3 4 0
11 - 0 . 5 0 . 7 0 0 4 . 8 7 2 500 - 0 . 5 0 . 0 0 0 - 0 . 0 0 3 - 1 . 3 3 0
10 - 0 . 5 0 . 7 0 0 4 . 7 6 0 500 - 0 . 5 0 . 0 0 0 - 0 . 0 0 3 - 1 . 3 2 0
10 - 0 . 5 0 . 7 0 0 4 . 2 7 8 500 -0 . 5 0 . 0 0 0 - 0 . 0 0 3 - 1 . 3 1 0
10 - 0 . 5 0 . 6 0 0 4 . 0 5 0 500 -0 . 5 0 . 0 0 0 - 0 . 0 0 3 - 1 . 3 0 0
10 - 0 . 5 0 . 6 0 0 3 . 8 4 5 400 - 0 . 5 0 . 0 0 0 - 0 . 0 0 4 - 1 . 2 9 0
10 - 0 . 5 0 . 5 0 0 3 . 5 7 9 400 -0 . 5 0 . 0 0 0 - 0 . 0 0 4 - 1 . 2 8 0
10 - 0 . 5 0 . 5 0 0 3 . 4 5 6 400 - 0 . 5 0 . 0 0 0 - 0 . 0 0 4 - 1 . 2 7 0
10 - 0 . 5 0 . 4 0 0 3 . 2 4 7 400 - 0 . 5 0 . 0 0 0 - 0 . 0 0 4 - 1 . 2 6 0
10 - 0 . 5 0 . 4 0 0 3 . 1 4 4 400 - 0 . 5 0 . 0 0 0 - 0 . 0 0 4 - 1 . 2 5 0
10 - 0 . 5 0 . 3 0 0 2 . 9 9 3 400 -0 . 5 0 . 0 0 0 - 0 . 0 0 4 - 1 . 2 4 0
10 - 0 . 5 0 . 3 0 0 2 . 8 8 8 400 -0 . 5 0 . 0 0 0 - 0 . 0 0 5 - 1 . 2 3 0
10 - 0 . 5 0 . 2 0 0 2 . 7 7 6 400 -0.5 0 . 0 0 0 - 0 . 0 0 5 - 1 . 2 2 0
10 - 0 . 5 0 . 1 0 0 2 . 6 7 3 400 -0.5 0 . 1 0 0 - 0 . 0 0 5 - 1 . 2 1 0
10 - 0 . 5 0 . 0 0 0 2.5 7 1 400 -0.5 0 . 1 0 0 - 0 . 0 0 5 - 1 . 2 0 0
10 - 0 . 5 0 . 0 0 0 2 . 4 5 5 300 -0.5 0 . 0 0 0 - 0 . 0 0 5 - 1 . 1 9 0
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M A X I M U M V A L U E S M I N I M U M V A L U E S M A X I M U M V A L U E S M I N I M U M V A L U E S
N E X P H I L M A X I M U M N E X P H I L M I N I M U M NE X P H I L M A X I M U M N E X P H I L M I N I M U M
10 - 0 . 5 0 . 0 0 0 2 . 3 3 0 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 6 - 1 . 1 8 0 - _ - - - -
10 -0. 5 0 . 0 0 0 2.2 0 1 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 6 - 1 . 1 7 0 - - - - - -
10 -0.5 0 . 0 0 0 2 . 0 7 5 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 6 - 1 . 1 6 0 - - - - - -
10 -0. 5 0 . 0 0 0 1.952 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 6 - 1 . 1 5 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 1.8 3 5 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 7 - 1 . 1 4 0 - - - - - _ -
10 -0. 5 0 . 0 0 0 1 . 7 2 5 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 7 - 1 . 1 3 0 - - - - - __ -
10 - 0 . 5 0 . 0 0 0 1 . 6 2 3 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 7 - 1 . 1 2 0 - - - - - _ -
10 -0. 5 0 . 0 0 0 1 . 5 2 8 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 8 - 1 . 1 1 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 1 . 4 4 0 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 8 - 1 . 1 0 0 - - - - - _ -
10 - 0 . 5 0 . 0 0 0 1.3 5 9 300 -0 . 5 0 . 0 0 0 - 0 . 0 0 8 - 1 . 0 9 0 - - - - - _ -
10 -0 . 5 0 . 0 0 0 1 . 2 8 4 300 -0.5 0 . 1 0 0 - 0 . 0 0 8 - 1 . 0 8 0 - - - - - -
10 -0. 5 0 . 0 0 0 1.2 1 6 300 -0 . 5 0 . 1 0 0 - 0 . 0 0 9 - 1 . 0 7 0 - - - - - _ -
10 - 0 . 5 0 . 0 0 0 1.1 5 2 300 -0.5 0 . 1 0 0 - 0 . 0 0 9 - 1 . 0 6 0 - - - - - _ -
10 -0 . 5 0 . 0 0 0 1 . 0 9 4 300 -0 . 5 0 . 1 0 0 - 0 . 0 0 9 - 1 . 0 5 0 - - - - - _ -
10 -0 . 5 0 . 0 0 0 1 . 0 4 0 300 -0.5 0 . 1 0 0 - 0 . 0 0 9 - 1 . 0 4 0 - - - - - -
10 -0 . 5 0 . 0 0 0 0 . 9 9 1 300 -0 . 5 0 . 1 0 0 - 0 . 0 1 0 - 1 . 0 3 0 - - - - - -
10 -0 . 5 0 . 0 0 0 0 . 9 4 5 300 -0 . 5 0 . 1 0 0 - 0 . 0 1 0 - 1 . 0 2 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 9 0 3 300 -0 . 5 0 . 1 0 0 - 0 . 0 1 0 - 1 . 0 1 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 8 6 3 300 -0 . 5 0 . 1 0 0 - 0 . 0 1 0 - 1 . 0 0 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 8 2 7 200 -0.5 0 . 0 0 0 - 0 . 0 1 1 - 0 . 9 9 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 7 9 3 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 1 - 0 . 9 8 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 7 6 2 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 2 - 0 . 9 7 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 7 3 2 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 2 - 0 . 9 6 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 7 0 5 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 3 - 0 . 9 5 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 6 7 9 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 3 - 0 . 9 4 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 6 5 5 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 4 - 0 . 9 3 0 - - - - - -
10 - 0 . 5 0 . 0 0 0 0 . 6 3 2 200 -0.5 0 . 0 0 0 - 0 . 0 1 4 - 0 . 9 2 0 - - - - - -
42 -0. 5 0 . 0 0 0 0 . 6 1 3 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 5 - 0 . 9 1 0 - - - - - -
42 - 0 . 5 0 . 0 0 0 0 . 6 0 0 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 5 - 0 . 9 0 0 - - - - - -
42 -0. 5 0 . 0 0 0 0 . 5 8 8 200 -0 . 5 0 . 0 0 0 - 0 . 0 1 6 - 0 . 8 9 0 - - - - - -
42 - 0 . 5 0 . 0 0 0 0 . 5 7 6 190 -0.5 0 . 0 0 0 - 0 . 0 1 6 - 0 . 8 8 0 - - - - - -
42 - 0 . 5 0 . 0 0 0 0 . 5 6 5 190 -0.5 0 . 0 0 0 - 0 . 0 1 7 - 0 . 8 7 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 5 5 4 190 -0.5 0 . 0 0 0 - 0 . 0 1 7 - 0 . 8 6 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 5 4 4 190 -0. 5 0 . 0 0 0 - 0 . 0 1 8 - 0 . 8 5 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 5 3 4 180 -0.5 0 . 0 0 0 - 0 . 0 1 8 - 0 . 8 4 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 5 2 5 180 -0.5 0 . 0 0 0 - 0 . 0 1 9 - 0 . 8 3 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 5 1 6 180 -0.5 0 . 0 0 0 - 0 . 0 1 9 - 0 . 8 2 0 - - - - - _
44 - 0 . 5 0 . 0 0 0 0 . 5 0 7 180 -0.5 0 . 0 0 0 - 0 . 0 2 0 - 0 . 8 1 0 - - - - - _
44 - 0 . 5 0 . 0 0 0 0 . 4 9 9 170 -0.5 0 . 0 0 0 - 0 . 0 2 0 - 0 . 8 0 0 - - - - - _
44 - 0 . 5 0 . 0 0 0 0 . 4 9 1 170 -0.5 0 . 0 0 0 - 0 . 0 2 1 - 0 . 7 9 0 ” - - “ - - - -
238
B E F O R E  T E S T S  A P P L I E D
K7
A F T E R T E S T S  A P P L I E D  A S  P E R  I S O  S T A N D A R D  T R 446 7
M A X I M U M V A L U E S M I N I M U M V A L U E S M A X I M U M V A L U E S M I N I M U M V A L U E S
H E X P H I L M A X I M U M N E X P H I L M I N I M U M N E X P H I L M A X I M U M N E X P H I L M I N I M U M
44 -0 . 5 0 . 0 0 0 0 . 4 8 3 170 - 0 . 5 0 . 0 0 0 - 0 . 0 2 2 - 0 . 7 8 0 « - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 7 5 170 - 0 . 5 0 . 0 0 0 - 0 . 0 2 2 - 0 . 7 7 0 - - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 6 7 170 - 0 . 5 0 . 0 0 0 - 0 . 0 2 3 - 0 . 7 6 0 - - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 6 0 160 - 0 . 5 0 . 0 0 0 - 0 . 0 2 4 - 0 . 7 5 0 - - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 5 3 160 - 0 . 5 0 . 0 0 0 - 0 . 0 2 4 - 0 . 7 4 0 - - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 4 6 160 - 0 . 5 0 . 0 0 0 - 0 . 0 2 5 - 0 . 7 3 0 - - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 4 0 160 - 0 . 5 0 . 0 0 0 - 0 . 0 2 6 - 0 . 7 2 0 - - - - - -
44 -0.5 0 . 0 0 0 0 . 4 3 3 160 - 0 . 5 0 . 0 0 0 - 0 . 0 2 6 - 0 . 7 1 0 - - - - - -
44 -0 . 5 0 . 0 0 0 0 . 4 2 7 150 - 0 . 5 0 . 0 0 0 - 0 . 0 2 7 - 0 . 7 0 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 4 2 1 150 - 0 . 5 0 . 0 0 0 - 0 . 0 2 8 - 0 . 6 9 0 - - - - - -
44 -0. 5 0 . 0 0 0 0 . 4 1 4 150 - 0 . 5 0 . 0 0 0 - 0 . 0 2 9 - 0 . 6 8 0 - - - - - -
46 - 0 . 5 0 . 0 0 0 0 . 4 0 9 150 - 0 . 5 0 . 0 0 0 - 0 . 0 2 9 - 0 . 6 7 0 - - - - - -
46 -0 . 5 0 . 0 0 0 0 . 4 0 3 150 - 0 . 5 0 . 0 0 0 - 0 . 0 3 0 - 0 . 6 6 0 - - - - - -
46 - 0 . 5 0 . 0 0 0 0 . 3 9 7 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 1 - 0 . 6 5 0 - - - - - -
46 -0 . 5 0 . 0 0 0 0 . 3 9 2 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 2 - 0 . 6 4 0 - - - - - -
46 - 0 . 5 0 . 0 0 0 0 . 3 8 6 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 3 - 0 . 6 3 0 - - - - - -
46 - 0 . 5 0 . 0 0 0 0 . 3 8 1 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 3 - 0 . 6 2 0 - - - - - -
46 -0. 5 0 . 0 0 0 0 . 3 7 6 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 4 - 0 . 6 1 0 - - - - - -
46 -0. 5 0 . 0 0 0 0 . 3 7 0 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 5 - 0 . 6 0 0 - - - - - -
46 - 0 . 5 0 . 0 0 0 0 . 3 6 5 140 - 0 . 5 0 . 0 0 0 - 0 . 0 3 6 - 0 . 5 9 0 - - - - - -
46 - 0 . 5 0 . 0 0 0 0 . 3 6 0 130 - 0 . 5 0 . 0 0 0 - 0 . 0 3 7 - 0 . 5 8 0 - - - - - -
44 - 0 . 5 0 . 0 0 0 0 . 3 5 5 130 - 0 . 5 0.000 - 0 . 0 3 8 - 0 . 5 7 0 - - - - - -
44 -0. 5 0. 00 0 0 . 3 5 0 130 - 0 . 5 0.000 - 0 . 0 3 9 - 0 . 5 6 0 - - - - - _
44 - 0 . 5 0. 00 0 0 . 3 4 6 130 - 0 . 5 0.000 - 0 . 0 4 0 - 0 . 5 5 0 - - - - - _
44 - 0 . 5 0. 00 0 0 . 3 4 1 130 - 0 . 5 0.000 - 0 . 0 4 1 - 0 . 5 4 0 - - - _ - _
44 - 0 . 5 0.00 0 0 . 3 3 6 130 - 0 . 5 0.000 - 0 . 0 4 2 - 0 . 5 3 0 - - - - _ _
44 - 0 . 5 0.00 0 0 . 3 3 2 130 - 0 . 5 0.000 - 0 . 0 4 3 - 0 . 5 2 0 - - - - _ «
44 - 0 . 5 0.00 0 0 . 3 2 7 120 -0 . 5 0.000 - 0 . 0 4 4 - 0 . 5 1 0 - - - - - -
44 - 0 . 5 0.00 0 0 . 3 2 3 120 - 0 . 5 0.000 - 0 . 0 4 6 - 0 . 5 0 0 - - - _ - _
44 - 0 . 5 0.00 0 0 . 3 1 8 120 - 0 . 5 0.000 - 0 . 0 4 7 - 0 . 4 9 0 - - - - -
44 - 0 . 5 0. 00 0 0 . 3 1 4 120 - 0 . 5 0.000 - 0 . 0 4 8 - 0 . 4 8 0 - - - - -
44 - 0 . 5 0. 00 0 0 . 3 1 0 120 - 0 . 5 0.000 - 0 . 0 4 9 - 0 . 4 7 0 - - - - _ —
44 - 0 . 5 0. 00 0 0 . 3 0 5 120 - 0 . 5 0.000 - 0 . 0 5 0 - 0 . 4 6 0 - - - _ _
44 - 0 . 5 0. 00 0 0.3 0 1 120 - 0 . 5 0.000 - 0 . 0 5 2 - 0 . 4 5 0 - - - _ _
44 - 0 . 5 0.00 0 0 . 2 9 7 120 -0. 5 0.000 - 0 . 0 5 3 - 0 . 4 4 0 - - _ _
44 - 0 . 5 0. 00 0 0.2 9 2 110 -0. 5 0.000 - 0 . 0 5 4 - 0 . 4 3 0 - - - - - _
44 - 0 . 5 0.00 0 0 . 2 8 8 110 -0. 5 0.000 - 0 . 0 5 6 - 0 . 4 2 0 - - _
44 - 0 . 5 0.00 0 0 . 2 8 4 110 -0 . 5 0.000 - 0 . 0 5 7 - 0 . 4 1 0 - - _ _
44 - 0 . 5 0. 00 0 0 . 2 8 0 110 -0 . 5 0.000 - 0 . 0 5 9 - 0 . 4 0 0 - - _ _
44 - 0 . 5 0.00 0 0 . 2 7 6 110 -0.5 0.000 - 0 . 0 6 0 - 0 . 3 9 0 ’ “
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N E X P H I L M A X I M U M NE X P H I L M I N I M U M NE X P H I L M A X I M U M N E X P H I L M I N I M U M
44 -0.5 0 . 0 0 0 0 . 2 7 2 110 -0 . 5 0 . 0 0 0 - 0 . 0 6 2 - 0 . 3 8 0 _ - - - -
42 -0. 5 0 . 0 0 0 0 . 2 6 8 105 -0 . 5 0 . 0 0 0 - 0 . 0 6 3 - 0 . 3 7 0 - - - - - _ -
42 -0.5 0 . 0 0 0 0 . 2 6 4 105 -0 . 5 0 . 0 0 0 - 0 . 0 6 5 - 0 . 3 6 0 - - - - - -
42 -0.5 0 . 0 0 0 0 . 2 6 0 105 - 0 . 5 0 . 0 0 0 - 0 . 0 6 7 - 0 . 3 5 0 - - - - - _ -
42 -0. 5 0 . 0 0 0 0 . 2 5 6 105 -0 . 5 0 . 0 0 0 -0.0 6 9 - 0 . 3 4 0 - - - - - -
42 -0.5 0 . 0 0 0 0 . 2 5 3 105 -0 . 5 0 . 0 0 0 - 0 . 0 7 0 - 0 . 3 3 0 - - - - - _ -
42 -0.5 0 . 0 0 0 0 . 2 4 9 100 -0 . 5 0 . 0 0 0 - 0 . 0 7 2 - 0 . 3 2 0 - - - - - _ -
42 -0.5 0 . 0 0 0 0 . 2 4 5 100 - 0 . 5 0 . 0 0 0 - 0 . 0 7 4 - 0 . 3 1 0 - - - - - _ -
42 -0.5 0 . 0 0 0 0 . 2 4 1 100 - 0 . 5 0 . 0 0 0 - 0 . 0 7 6 - 0 . 3 0 0 - - - - - _ -
42 -0.5 0 . 0 0 0 0 . 2 3 7 100 - 0 . 5 0 . 0 0 0 - 0 . 0 7 8 - 0 . 2 9 0 - - - - - -
42 -0.5 0 . 0 0 0 0 . 2 3 4 100 -0. 5 0 . 0 0 0 - 0 . 0 8 0 - 0 . 2 8 0 - - - - - -
40 -0.5 0 . 0 0 0 0 . 2 3 0 100 - 0 . 5 0 . 0 0 0 - 0 . 0 8 2 - 0 . 2 7 0 - - - - - -
40 -0.5 0 . 0 0 0 0 . 2 2 7 95 -0. 5 0 . 0 0 0 - 0 . 0 8 4 - 0 . 2 6 0 - - - - - -
40 -0.5 0 . 0 0 0 0 . 2 2 3 95 - 0 . 5 0 . 0 0 0 - 0 . 0 8 6 - 0 . 2 5 0 - - - - - -
40 -0.5 0 . 0 0 0 0 . 2 2 0 95 -0 . 5 0 . 0 0 0 - 0 . 0 8 9 - 0 . 2 4 0 - - - - - -
40 -0.5 0 . 0 0 0 0 . 2 1 6 95 -0 . 5 0 . 0 0 0 - 0 . 0 9 1 - 0 . 2 3 0 - - - - - -
40 -0. 5 0 . 0 0 0 0 . 2 1 3 95 -0 . 5 0 . 0 0 0 - 0 . 0 9 3 - 0 . 2 2 0 13 0.6 0.3 0 0 0 . 1 3 6 13 0.6 0.7 0 2 0 . 0 7 7
40 -0. 5 0 . 0 0 0 0 . 2 0 9 95 -0 . 5 0 . 0 0 0 - 0 . 0 9 5 - 0 . 2 1 0 13 0.3 0 . 0 0 0 0 . 1 5 5 13 0.6 0.7 0 2 0 . 0 7 7
38 -0. 5 0 . 0 0 0 0 . 2 0 6 90 -0 . 5 0 . 0 0 0 - 0 . 0 9 8 - 0 . 2 0 0 13 0.3 0 . 0 0 0 0 . 1 5 2 13 0.6 0 . 7 0 2 0 . 0 7 6
38 -0. 5 0 . 0 0 0 0 . 2 0 3 90 -0 . 5 0 . 0 0 0 - 0 . 1 0 1 - 0 . 1 9 0 14 0.3 0 . 1 0 0 0.1 5 1 13 0.6 0 . 7 0 2 0 . 0 7 6
38 -0. 5 0 . 0 0 0 0 . 1 9 9 90 -0 . 5 0 . 0 0 0 - 0 . 1 0 3 - 0 . 1 8 0 15 0.2 0 . 0 0 0 0 . 1 5 8 13 0.6 0 . 7 0 2 0 . 0 7 5
38 -0. 5 0 . 0 0 0 0 . 1 9 6 90 -0 . 5 0 . 0 0 0 - 0 . 1 0 6 - 0 . 1 7 0 16 0.2 0 . 0 0 0 0 . 1 5 6 13 0.6 0 . 7 0 2 0 . 0 7 5
38 -0. 5 0 . 0 0 0 0 . 1 9 3 90 -0 . 5 0 . 0 0 0 ^0. 1 0 9 - 0 . 1 6 0 17 0.2 0 . 1 0 0 0 . 1 5 4 13 0.6 0 . 7 0 2 0 . 0 7 4
38 -0. 5 0 . 0 0 0 0 . 1 9 0 90 -0 . 5 0 . 0 0 0 -0. 1 1 1 - 0 . 1 5 0 18 0.1 0 . 0 0 0 0.1 5 9 19 0.6 0 . 0 0 0 0 . 0 6 4
36 -0. 5 0 . 0 0 0 0 . 1 8 7 90 -0 . 5 0 . 0 0 0 - 0 . 1 1 4 - 0 . 1 4 0 19 0.1 0 . 0 0 0 0 . 1 5 6 20 0.6 0 . 0 0 0 0 . 0 5 1
36 -0. 5 0 . 0 0 0 0 . 1 8 3 85 -0 . 5 0 . 0 0 0 - 0 . 1 1 7 - 0 . 1 3 0 20 0.0 0 . 0 0 0 0 . 1 6 1 22 0.7 0 . 1 0 0 0 . 0 1 1
36 - 0 . 5 0 . 0 0 0 0 . 1 8 0 85 -0 . 5 0 . 0 0 0 - 0 . 1 2 0 - 0 . 1 2 0 22 0.0 0 . 0 0 0 0 . 1 5 8 24 0.6 0 . 0 0 0 0 . 0 0 5
36 - 0 . 5 0 . 0 0 0 0 . 1 7 7 85 -0 . 5 0 . 0 0 0 - 0 . 1 2 4 - 0 . 1 1 0 22 0.0 0 . 1 0 0 0 . 1 5 5 24 0.6 0 . 0 0 0 0 . 0 0 0
34 -0. 5 0 . 0 0 0 0 . 1 7 4 85 -0 . 5 0 . 0 0 0 -0. 1 2 7 - 0 . 1 0 0 26 -0.1 0 . 1 0 0 0 . 1 5 8 24 0.6 0 . 0 0 0 - 0 . 0 0 6
34 -0. 5 0 . 0 0 0 0 . 1 7 2 85 -0 . 5 0 . 0 0 0 - 0 . 1 3 0 - 0 . 0 9 0 26 -0.1 0 . 1 0 0 0 . 1 5 5 22 0.7 0 . 1 0 0 - 0 . 0 1 0
34 - 0 . 5 0 . 0 0 0 0 . 1 6 9 85 - 0 . 5 0 . 0 0 0 - 0 . 1 3 3 - 0 . 0 8 0 32 -0.2 0 . 1 0 0 0 . 1 5 5 22 0.7 0 . 1 0 0 - 0 . 0 1 5
34 -0. 5 0 . 0 0 0 0 . 1 6 6 85 -0 . 5 0 . 0 0 0 -0.1 3 6 - 0 . 0 7 0 40 - 0 . 3 0 . 2 0 0 0.1 5 6 30 0.4 0 . 0 0 0 - 0 . 0 0 8
32 -0. 5 0 . 0 0 0 0 . 1 6 3 85 -0.5 0 . 0 0 0 - 0 . 1 4 0 - 0 . 0 6 0 44 -0. 4 0 . 2 0 0 0.1 5 6 26 0.5 0 . 0 0 0 - 0 . 0 1 0
32 -0. 5 0 . 0 0 0 0 . 1 6 1 80 -0. 5 0 . 0 0 0 - 0 . 1 4 3 - 0 . 0 5 0 50 -0. 5 0 . 2 0 0 0.1 5 6 26 0.5 0 . 0 0 0 - 0 . 0 1 6
32 - 0 . 5 0 . 0 0 0 0 . 1 5 8 80 -0.5 0 . 0 0 0 -0.1 4 7 - 0 . 0 4 0 50 - 0 . 5 0 . 2 0 0 0 . 1 5 3 26 0.5 0 . 0 0 0 - 0 . 0 2 2
32 -0 . 5 0 . 0 0 0 0 . 1 5 5 80 -0.5 0 . 0 0 0 -0.1 5 1 - 0 . 0 3 0 50 -0. 5 0 . 2 0 0 0.1 5 1 22 0.6 0 . 0 0 0 - 0 . 0 2 5
30 -0 . 5 0 . 0 0 0 0 . 1 5 3 80 -0. 5 0 . 0 0 0 - 0 . 1 5 5 - 0 . 0 2 0 50 - 0 . 5 0 . 2 0 0 0 . 1 4 8 22 0.6 0 . 0 0 0 - 0 . 0 3 1
30 - 0 . 5 0 . 0 0 0 0 . 1 5 0 80 -0.5 0 . 0 0 0 - 0 . 1 5 9 - 0 . 0 1 0 50 - 0 . 5 0 . 2 0 0 0 . 1 4 5 22 0.6 0 . 0 0 0 - 0 . 0 3 6
10 - 0 . 5 0 . 0 0 0 0 . 1 4 9 80 -0.5 0 . 0 0 0 - 0 . 1 6 3 0 . 0 0 0 50 -0. 5 0 . 2 0 0 0 . 1 4 2 28 0.4 0 . 0 0 0 - 0 . 0 2 8
10 -0. 5 0 . 0 0 0 0 . 1 4 7 80 -0.5 0 . 0 0 0 -0. 1 6 7 0 . 0 1 0 50 -0. 5 0 . 2 0 0 0 . 1 4 0 28 0.4 0 . 0 0 0 - 0 . 0 3 3
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10 -0.5 0.0 0 0 0 . 1 4 6 80 -0.5 0 . 0 0 0 -0.171 0.0 2 0 50 -0.5 0 . 2 0 0 0.137 26 0.7 0.2 0 0 - 0 . 0 3 6
10 -0.5 0.0 0 0 0 . 1 4 4 80 -0.5 0 . 0 0 0 -0.1 7 4 0.030 50 -0.5 0 . 2 0 0 0.1 3 4 26 0.7 0.2 0 0 - 0 . 0 4 1
10 -0.5 0.0 0 0 0 . 1 4 3 75 -0.5 0 . 0 0 0 -0.179 0.040 50 -0.5 0 . 2 0 0 0.132 24 0.5 0.0 0 0 -0. 0 4 7
10 -0.5 0.0 0 0 0.141 75 -0.5 0 . 0 0 0 -0.1 8 3 0.050 50 -0.5 0 . 2 0 0 0.129 20 0.6 0 . 0 0 0 -0. 0 5 1
10 -0.5 0.0 0 0 0 . 1 4 0 75 -0.5 0 . 0 0 0 -0.1 8 8 0.0 6 0 50 -0.5 0 . 2 0 0 0.126 20 0.6 0.0 0 0 -0. 0 5 7
10 -0.5 0.0 0 0 0 . 1 3 8 75 -0.5 0 . 0 0 0 -0.1 9 3 0.0 7 0 50 -0.5 0 . 2 0 0 0.1 2 3 20 0.6 0.0 0 0 - 0 . 0 6 2
10 -0.5 0.0 0 0 0 . 1 3 7 75 -0.5 0 . 0 0 0 -0.1 9 8 0.0 8 0 50 -0.5 0 . 2 0 0 0.1 2 0 19 0.6 0 . 0 0 0 - 0 . 0 5 8
10 -0.5 0.0 0 0 0 . 1 3 5 75 -0.5 0 . 0 0 0 -0.2 0 3 0.0 9 0 50 -0.5 0.2 0 0 0.1 1 8 19 0.6 0 . 0 0 0 - 0 . 0 6 4
10 -0.5 0.0 0 0 0 . 1 3 4 75 -0.5 0 . 0 0 0 -0.207 0.1 0 0 50 -0.5 0 . 2 0 0 0.1 1 5 19 0.6 0 . 0 0 0 - 0 . 0 7 0
10 -0.5 0 . 0 0 0 0 . 1 3 3 75 -0.5 0 . 0 0 0 -0.212 0.1 1 0 50 -0.5 0 . 2 0 0 0.112 19 0.6 0 . 0 0 0 - 0 . 0 7 6
10 -0.5 0.0 0 0 0.1 3 1 75 -0.5 0 . 0 0 0 -0.217 0.1 2 0 50 -0.5 0 . 2 0 0 0.109 19 0.6 0 . 0 0 0 - 0 . 0 8 2
10 -0.5 0 . 0 0 0 0 . 1 3 0 75 -0.5 0 . 0 0 0 -0.222 0.1 3 0 90 -0.5 0 . 3 0 0 0.107 22 0.5 0 . 0 0 0 - 0 . 0 7 9
10 -0.5 0.0 0 0 0 . 1 2 8 75 -0.5 0 . 0 0 0 -0.226 0.140 85 -0.5 0 . 3 0 0 0.1 0 5 20 0.6 0 . 1 0 0 - 0 . 0 8 4
10 -0.5 0 . 0 0 0 0.1 2 7 75 -0.5 0 . 0 0 0 -0.231 0.150 80 -0.5 0 . 3 0 0 0.103 18 0.6 0 . 0 0 0 - 0 . 0 8 9
10 -0.5 0 . 0 0 0 0 . 1 2 5 70 -0.5 0 . 0 0 0 -0.237 0.160 80 -0.5 0.3 0 0 0.102 18 0.6 0 . 0 0 0 - 0 . 0 9 5
10 -0.5 0 . 0 0 0 0 . 1 2 4 70 -0.5 0 . 0 0 0 - 0 . 2 4 3 0.170 75 -0.5 0 . 3 0 0 0.1 0 0 19 0.6 0 . 1 0 0 - 0 . 0 9 2
10 -0.5 0 . 0 0 0 0 . 1 2 2 70 -0.5 0 . 0 0 0 -0.249 0.180 50 -0.5 0 . 3 0 0 0.099 19 0.6 0 . 1 0 0 - 0 . 0 9 8
10 -0.5 0 . 0 0 0 0 . 1 2 0 70 -0.5 0 . 0 0 0 -0.2 5 5 0.190 50 -0.5 0 . 3 0 0 0.097 17 0.6 0 . 0 0 0 - 0 . 1 0 2
10 -0.5 0 . 0 0 0 0 . 1 1 9 70 -0.5 0 . 0 0 0 -0.261 0.200 50 -0.5 0.3 0 0 0.096 17 0.6 0 . 0 0 0 - 0 . 1 0 8
10 -0.5 0 . 0 0 0 0 . 1 1 7 70 -0.5 0 . 0 0 0 -0.267 0.210 50 -0.5 0 . 3 0 0 0.0 9 5 17 0.6 0 . 0 0 0 - 0 . 1 1 4
10 -0.5 0 . 0 0 0 0 . 1 1 6 70 -0.5 0 . 0 0 0 -0.2 7 3 0.2 2 0 50 -0.5 0 . 3 0 0 0.0 9 3 20 0.5 0 . 0 0 0 - 0 . 1 1 2
10 -0.5 0 . 0 0 0 0 . 1 1 4 70 -0.5 0 . 0 0 0 -0.279 0.2 3 0 50 -0.5 0.3 0 0 0.092 16 0.6 0 . 0 0 0 - 0 . 1 1 5
10 -0.5 0 . 0 0 0 0 . 1 1 3 70 -0.5 0 . 0 0 0 -0.285 0.240 50 -0.5 0.3 0 0 0.091 16 0.6 0 . 0 0 0 - 0 . 1 2 1
10 -0.5 0 . 0 0 0 0.1 1 1 70 -0.5 0 . 0 0 0 -0.291 0.250 50 -0.5 0 . 3 0 0 0.089 16 0.6 0 . 0 0 0 - 0 . 1 2 7
10 -0.5 0 . 0 0 0 0.1 0 9 70 -0.5 0 . 0 0 0 -0.297 0.2 6 0 50 -0.5 0.3 0 0 0.0 8 8 17 0.6 0 . 1 0 0 - 0 . 1 2 5
10 -0.5 0 . 0 0 0 0 . 1 0 8 70 -0.5 0 . 0 0 0 -0.303 0.270 50 -0.5 0.3 0 0 0.086 15 0.6 0 . 0 0 0 - 0 . 1 2 8
10 -0.5 0 . 0 0 0 0.1 0 6 70 -0.5 0 . 0 0 0 -0. 3 0 8 0.280 50 -0.5 0 . 3 0 0 0.085 15 0.6 0 . 0 0 0 - 0 . 1 3 4
10 -0.5 0 . 0 0 0 0 . 1 0 4 70 -0.5 0 . 0 0 0 -0. 3 1 4 0.290 50 -0.5 0.3 0 0 0.084 15 0.6 0 . 0 0 0 - 0 . 1 4 0
10 -0.5 0 . 0 0 0 0 . 1 0 2 70 -0.5 0 . 0 0 0 -0. 3 2 0 0.300 50 -0.5 0 . 3 0 0 0.082 16 0.6 0 . 1 0 0 - 0 . 1 3 9
10 -0.5 0 . 0 0 0 0.1 0 1 65 -0.5 0 . 0 0 0 -0.327 0.310 50 -0.5 0.3 0 0 0.081 14 0.6 0 . 0 0 0 - 0 . 1 4 0
10 -0.5 0 . 0 0 0 0 . 0 9 9 65 -0.5 0 . 0 0 0 -0. 3 3 5 0.320 50 -0.5 0.3 0 0 0.079 14 0.6 0 . 0 0 0 - 0 . 1 4 7
10 -0.5 0 . 0 0 0 0.0 9 7 65 -0.5 0 . 0 0 0 -0. 3 4 3 0.330 50 -0.5 0.3 0 0 0.078 14 0.6 0 . 0 0 0 - 0 . 1 5 3
10 -0.5 0 . 0 0 0 0 . 0 9 5 65 -0.5 0 . 0 0 0 -0. 3 5 0 0.3 4 0 50 -0.5 0.3 0 0 0.076 17 0.5 0 . 0 0 0 - 0 . 1 5 0
10 -0.5 0 . 0 0 0 0 . 0 9 3 65 -0.5 0 . 0 0 0 -0.358 0.3 5 0 50 -0.5 0.3 0 0 0.075 50 -0. 5 0 . 0 0 0 - 0 . 1 5 5
10 -0.5 0 . 0 0 0 0.091 65 -0.5 0 . 0 0 0 -0.366 0.3 6 0 50 -0.5 0.3 0 0 0.073 13 0.6 0 . 0 0 0 - 0 . 1 5 9
10 -0. 5 0 . 1 0 0 0 . 0 8 9 65 -0.5 0 . 0 0 0 -0.373 0.370 50 -0.5 0.3 0 0 0.072 14 0.6 0 . 1 0 0 - 0 . 1 6 0
10 -0.5 0 . 1 0 0 0.0 8 7 65 -0.5 0 . 0 0 0 -0.381 0.3 8 0 50 -0.5 0 . 3 0 0 0.0 7 0 46 -0. 4 0 . 0 0 0 - 0 . 1 6 6
10 -0.5 0 . 2 0 0 0 . 0 8 5 65 -0.5 0 . 0 0 0 -0.389 0.390 50 -0.5 0.3 0 0 0.069 46 -0.3 0 . 1 0 0 - 0 . 1 6 3
10 -0.5 0 . 2 0 0 0 . 0 8 3 65 -0.5 0 . 0 0 0 -0.396 0.400 50 -0.5 0.3 0 0 0.067 42 -0.3 0 . 0 0 0 - 0 . 1 6 9
10 -0.5 0 . 2 0 0 0.081 65 -0.5 0 . 0 0 0 -0.404 0.4 1 0 50 -0.5 0.3 0 0 0.066 42 -0.3 0 . 0 0 0 - 0 . 1 7 7
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M A X I M U M V A L U E S M I N I M U M V A L U E S M A X I M U M V A L U E S M I N I M U M V A L U E S
NE X P H I L M A X I M U M NE X P H I L M I N I M U M NE X P H I L M A X I M U M N E X P H I L M I N I M U M
10 -0.5 0 . 3 0 0 0 . 0 8 0 65 -0. 5 0 . 0 0 0 - 0 . 4 1 2 0 . 4 2 0 50 -0.5 0 . 3 0 0 0 . 0 6 4 15 0.5 0 . 0 0 0 - 0 . 1 7 6
10 -0.5 0 . 3 0 0 0 . 0 7 8 65 -0 . 5 0 . 0 0 0 - 0 . 4 2 0 0 . 4 3 0 50 -0. 5 0 . 3 0 0 0 . 0 6 3 38 -0.2 0 . 0 0 0 - 0 . 1 8 0
10 -0.5 0 . 3 0 0 0.076 65 -0 . 5 0 . 0 0 0 - 0 . 4 2 7 0 . 4 4 0 50 -0.5 0 . 3 0 0 0 . 0 6 1 38 -0.2 0 . 0 0 0 - 0 . 1 8 8
10 -0.5 0 . 3 0 0 0 . 0 7 4 65 -0 . 5 0 . 0 0 0 - 0 . 4 3 5 0 . 4 5 0 50 -0. 5 0 . 3 8 3 0 . 0 6 0 44 - 0 . 4 0 . 0 0 0 - 0 . 1 8 9
10 -0.5 0 . 3 0 0 0.0 7 2 65 -0 . 5 0 . 0 0 0 - 0 . 4 4 3 0.4 6 0 50 -0. 5 0 . 3 8 3 0.0 5 9 44 -0 . 4 0 . 0 0 0 - 0 . 1 9 8
10 -0.5 0 . 4 0 0 0 . 0 7 0 65 -0 . 5 0 . 0 0 0 - 0 . 4 5 0 0 . 4 7 0 50 -0. 5 0 . 3 8 3 0 . 0 5 8 44 - 0 . 3 0 . 1 0 0 - 0 . 1 9 6
11 -0.5 0.4 0 0 0 . 0 6 8 65 -0 . 5 0 . 0 0 0 - 0 . 4 5 8 0 . 4 8 0 50 -0. 5 0 . 3 8 3 0 . 0 5 8 40 - 0 . 3 0 . 0 0 0 - 0 . 2 0 1
11 -0.5 0.4 0 0 0 . 0 6 6 65 -0.5 0 . 0 0 0 - 0 . 4 6 6 0 . 4 9 0 50 -0 . 5 0 . 3 8 3 0 . 0 5 7 40 - 0 . 3 0 . 0 0 0 - 0 . 2 1 0
12 -0.5 0 . 4 0 0 0 . 0 6 5 60 -0. 5 0 . 0 0 0 - 0 . 4 7 6 0 . 5 0 0 50 -0 . 5 0 . 3 8 3 0 . 0 5 6 50 - 0 . 5 0 . 1 0 0 - 0 . 2 0 6
13 -0.5 0 . 4 0 0 0 . 0 6 3 60 -0. 5 0 . 0 0 0 - 0 . 4 8 6 0 . 5 1 0 50 -0 . 5 0 . 3 8 3 0 . 0 5 5 50 - 0 . 5 0 . 1 0 0 - 0 . 2 1 6
13 -0.5 0 . 4 0 0 0 . 0 6 1 60 -0. 5 0 . 0 0 0 - 0 . 4 9 7 0 . 5 2 0 50 -0 . 5 0 . 3 8 3 0 . 0 5 4 46 - 0 . 4 0 . 1 0 0 - 0 . 2 1 4
14 -0.5 0 . 4 0 0 0 . 0 6 0 60 -0. 5 0 . 0 0 0 - 0 . 5 0 7 0 . 5 3 0 50 -0 . 5 0 . 3 8 3 0 . 0 5 3 46 - 0 . 4 0 . 1 0 0 - 0 . 2 2 4
15 -0. 5 0 . 4 0 0 0 . 0 5 8 60 -0. 5 0 . 0 0 0 - 0 . 5 1 8 0 . 5 4 0 50 -0.5 0 . 3 8 3 0 . 0 5 3 32 - 0 . 1 0 . 0 0 0 - 0 . 2 2 3
14 -0.5 0 . 5 0 0 0 . 0 5 7 60 - 0 . 5 0 . 0 0 0 - 0 . 5 2 8 0 . 5 5 0 50 -0. 5 0 . 3 8 3 0 . 0 5 2 38 - 0 . 3 0 . 0 0 0 - 0 . 2 2 5
14 -0 . 5 0 . 5 0 0 0 . 0 5 6 60 -0.5 0 . 0 0 0 - 0 . 5 3 9 0 . 5 6 0 50 -0.5 0 . 3 8 3 0 . 0 5 1 38 - 0 . 3 0 . 0 0 0 - 0 . 2 3 5
15 -0. 5 0 . 5 0 0 0 . 0 5 4 60 -0.5 0 . 0 0 0 - 0 . 5 5 0 0 . 5 7 0 50 -0.5 0 . 3 8 3 0 . 0 5 0 38 - 0 . 3 0 . 0 0 0 - 0 . 2 4 5
15 -0. 5 0 . 5 0 0 0 . 0 5 3 60 - 0 . 5 0 . 0 0 0 - 0 . 5 6 1 0 . 5 8 0 50 -0.5 0 . 3 8 3 0 . 0 4 9 34 - 0 . 2 0 . 0 0 0 - 0 . 2 3 7
16 -0. 5 0 . 5 0 0 0 . 0 5 2 60 -0.5 0 . 0 0 0 - 0 . 5 7 1 0.5 9 0 50 -0 . 5 0 . 3 8 3 0 . 0 4 8 34 - 0 . 2 0 . 0 0 0 - 0 . 2 4 7
17 -0. 5 0 . 5 0 0 0 . 0 5 1 60 -0. 5 0 . 0 0 0 - 0 . 5 8 2 0 . 6 0 0 50 -0 . 5 0 . 3 8 3 0.0 4 7 40 - 0 . 3 0 . 1 0 0 - 0 . 2 4 2
18 -0. 5 0 . 5 0 0 0 . 0 5 0 60 -0.5 0 . 0 0 0 - 0 . 5 9 3 0 . 6 1 0 50 -0.5 0 . 3 8 3 0 . 0 4 6 36 - 0 . 2 0 . 1 0 0 - 0 . 2 4 1
18 -0 . 5 0 . 5 0 0 0 . 0 4 8 60 -0.5 0 . 0 0 0 - 0 . 6 0 5 0 . 6 2 0 50 -0.5 0 . 3 8 3 0 . 0 4 5 26 0. 0 0 . 0 0 0 - 0 . 2 4 2
19 -0 . 5 0 . 5 0 0 0 . 0 4 7 60 -0.5 0 . 0 0 0 - 0 . 6 1 6 0 . 6 3 0 50 -0. 5 0 . 3 8 3 0 . 0 4 4 32 - 0 . 2 0 . 0 0 0 - 0 . 2 4 6
20 - 0 . 5 0 . 5 0 0 0 . 0 4 6 58 -0.5 0 . 0 0 0 - 0 . 6 2 8 0 . 6 4 0 50 -0. 5 0 . 3 8 3 0 . 0 4 3 32 - 0 . 2 0 . 0 0 0 - 0 . 2 5 6
20 -0. 5 0 . 5 0 0 0 . 0 4 5 58 -0.5 0 . 0 0 0 - 0 . 6 4 1 0 . 6 5 0 50 -0.5 0 . 3 8 3 0.0 4 2 32 - 0 . 2 0 . 0 0 0 - 0 . 2 6 7
22 -0. 5 0 . 5 0 0 0 . 0 4 4 58 -0.5 0 . 0 0 0 - 0 . 6 5 4 0.6 6 0 50 -0.5 0 . 3 8 3 0 . 0 4 1 38 - 0 . 3 0 . 1 0 0 - 0 . 2 6 5
22 -0. 5 0 . 5 0 0 0 . 0 4 3 58 -0.5 0 . 0 0 0 - 0 . 6 6 7 0 . 6 7 0 50 -0. 5 0 . 3 8 3 0 . 0 4 0 34 - 0 . 2 0 . 1 0 0 - 0 . 2 6 4
24 -0. 5 0 . 5 0 0 0 . 0 4 2 58 -0 . 5 0 . 0 0 0 - 0 . 6 8 1 0 . 6 8 0 50 -0. 5 0 . 3 8 3 0.0 3 9 26 0. 0 0 . 1 0 0 - 0 . 2 5 2
24 -0. 5 0 . 5 0 0 0 . 0 4 1 58 -0.5 0 . 0 0 0 - 0 . 6 9 4 0 . 6 9 0 50 -0.5 0 . 3 8 3 0 . 0 3 8 60 - 0 . 5 0 . 2 0 0 - 0 . 2 5 5
24 -0 . 5 0 . 5 0 0 0 . 0 4 0 58 -0.5 0 . 0 0 0 - 0 . 7 0 8 0 . 7 0 0 50 -0.5 0 . 3 8 3 0.0 3 7 26 -0. 1 0 . 0 0 0 - 0 . 2 6 3
26 - 0 . 5 0 . 5 0 0 0 . 0 3 9 58 -0.5 0 . 0 0 0 - 0 . 7 2 1 0 . 7 1 0 50 -0.5 0 . 3 8 3 0.036 26 - 0 . 1 0 . 0 0 0 - 0 . 2 7 4
26 - 0 . 5 0 . 5 0 0 0 . 0 3 8 56 -0.5 0 . 0 0 0 - 0 . 7 3 7 0.7 2 0 50 -0.5 0 . 3 8 3 0 . 0 3 5 32 - 0 . 2 0 . 1 0 0 - 0 . 2 8 1
28 - 0 . 5 0 . 5 0 0 0 . 0 3 7 56 -0.5 0 . 0 0 0 - 0 . 7 5 3 0.7 3 0 50 -0.5 0 . 3 8 3 0.0 3 4 58 - 0 . 5 0 . 2 0 0 - 0 . 2 6 8
30 - 0 . 5 0 . 5 0 0 0 . 0 3 6 56 -0.5 0 . 0 0 0 - 0 . 7 6 9 0.7 4 0 50 -0 . 5 0 . 3 8 3 0.0 3 2 20 0. 0 0 . 0 0 0 - 0 . 2 5 8
30 - 0 . 5 0 . 5 0 0 0 . 0 3 5 56 -0 . 5 0 . 0 0 0 - 0 . 7 8 6 0.7 5 0 50 -0 . 5 0 . 3 8 3 0.0 3 1 20 0. 0 0 . 0 0 0 - 0 . 2 7 0
32 - 0 . 5 0 . 5 0 0 0 . 0 3 4 56 -0.5 0 . 0 0 0 - 0 . 8 0 3 0 . 7 6 0 50 -0.5 0 . 3 8 3 0 . 0 3 0 26 -0. 1 0 . 1 0 0 - 0 . 2 8 0
32 - 0 . 5 0 . 5 0 0 0 . 0 3 4 56 -0.5 0 . 0 0 0 - 0 . 8 2 0 0 . 7 7 0 50 -0 . 5 0 . 3 8 3 0.029 50 - 0 . 4 0 . 2 0 0 - 0 . 2 6 3
34 - 0 . 5 0 . 5 0 0 0 . 0 3 3 56 -0.5 0 . 0 0 0 - 0 . 8 3 7 0 . 7 8 0 50 -0.5 0 . 3 8 3 0.0 2 7 50 - 0 . 4 0 . 2 0 0 - 0 . 2 7 4
34 - 0 . 5 0 . 5 0 0 0 . 0 3 2 54 -0.5 0 . 0 0 0 - 0 . 8 5 5 0 . 7 9 0 54 -0.5 0.3 8 1 0.0 2 6 54 - 0 . 5 0 . 2 0 0 - 0 . 2 7 9
36 - 0 . 5 0 . 5 0 0 0 . 0 3 1 54 -0.5 0 . 0 0 0 - 0 . 8 7 6 0.8 0 0 58 -0. 5 0 . 3 7 9 0 . 0 2 5 54 - 0 . 5 0 . 2 0 0 - 0 . 2 9 1
38 -0. 5 0 . 5 0 0 0 . 0 3 0 54 -0.5 0 . 0 0 0 - 0 . 8 9 7 0.8 1 0 65 -0.5 0 . 3 7 6 0.0 2 4 48 - 0 . 4 0 . 2 0 0 - 0 . 2 8 2
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NE X P H I L M A X I M U M NE X P H I L M I N I M U M NE X P H I L M A X I M U M N E X P H I L M I N I M U M
38 -0.5 0.5 0 0 0 . 0 3 0 54 - 0 . 5 0 . 0 0 0 -0. 9 1 9 0.8 2 0 70 -0.5 0.374 0 . 0 2 2 52 -0.5 0.2 0 0 - 0 . 2 8 8
40 -0.5 0.5 0 0 0.0 2 9 54 -0 . 5 0 . 0 0 0 - 0 . 9 4 1 0.8 3 0 75 -0.5 0.3 7 3 0 . 0 2 1 52 -0.5 0 . 2 0 0 - 0 . 3 0 1
42 -0.5 0.5 0 0 0 . 0 2 8 54 - 0 . 5 0 . 0 0 0 - 0 . 9 6 3 0 . 8 4 0 85 -0.5 0 . 3 7 0 0 . 0 2 0 46 -0.4 0.2 0 0 - 0 . 2 9 3
44 -0.5 0.5 0 0 0.0 2 7 54 -0. 5 0.0 0 0 - 0 . 9 8 6 0 . 8 5 0 95 -0.5 0 . 3 6 8 0 . 0 1 8 50 -0.5 0 . 2 0 0 - 0 . 3 0 0
44 -0.5 0.5 0 0 0.0 2 7 52 -0. 5 0.0 0 0 -1.0 1 1 0 . 8 6 0 110 -0.5 0 . 3 6 5 0.0 1 7 44 -0.4 0 . 2 0 0 - 0 . 2 9 3
46 -0.5 0.5 0 0 0.0 2 6 52 -0. 5 0.0 0 0 - 1 . 0 3 8 0 . 8 7 0 130 -0.5 0.3 6 3 0.0 1 6 38 -0.3 0 . 2 0 0 - 0 . 2 8 9
48 -0.5 0.500 0 . 0 2 5 52 -0. 5 0 . 0 0 0 - 1 . 0 6 7 0.8 8 0 150 -0.5 0.361 0 . 0 1 5 110 -0 . 4 0 . 3 0 0 - 0 . 2 0 3
50 -0.5 0.500 0 . 0 2 5 52 - 0 . 5 0.0 0 0 - 1 . 0 9 6 0 . 8 9 0 180 -0.5 0.359 0 . 0 1 4 120 -0 . 5 0 . 3 0 0 - 0 . 2 0 4
52 -0.5 0.5 0 0 0 . 0 2 4 52 -0. 5 0.0 0 0 -1. 1 2 6 0 . 9 0 0 200 -0.5 0 . 3 5 8 0 . 0 1 2 105 -0 . 4 0 . 3 0 0 - 0 . 1 9 9
54 -0.5 0.500 0 . 0 2 3 52 -0. 5 0.0 0 0 -1. 1 5 7 0 . 9 1 0 300 -0.5 0 . 3 5 5 0.0 1 1 90 -0 . 3 0 . 3 0 0 - 0 . 1 9 6
54 -0.5 0.5 0 0 0 . 0 2 3 50 -0. 5 0 . 0 0 0 - 1 . 1 9 0 0.9 2 0 400 -0.5 0.3 5 4 0 . 0 1 0 100 -0 . 4 0 . 3 0 0 - 0 . 1 9 7
56 -0.5 0.5 0 0 0 . 0 2 2 50 -0. 5 0 . 0 0 0 - 1 . 2 2 8 0.9 3 0 1000 -0 . 5 0.351 0.0 0 9 100 - 0 . 4 0 . 3 0 0 - 0 . 2 0 5
58 -0.5 0.5 0 0 0.0 2 1 50 - 0 . 5 0.0 0 0 - 1 . 2 6 7 0 . 9 4 0 5000 -0.5 0.3 4 9 0 . 0 0 8 110 -0. 5 0 . 3 0 0 - 0 . 2 0 7
60 -0.5 0 . 5 0 0 0.0 2 1 50 - 0 . 5 0.0 0 0 - 1 . 3 0 7 0 . 9 5 0 1 0 0 0 0 0 0 0 0.9 0.349 0.0 0 7 95 -0. 4 0 . 3 0 0 - 0 . 2 0 5
65 -0.5 0.5 0 0 0 . 0 2 0 50 -0 . 5 0.0 0 0 -1. 3 4 9 0 . 9 6 0 1 0 0 0 0 0 0 0 0.9 0.349 0.0 0 6 105 -0. 5 0 . 3 0 0 - 0 . 2 0 7
65 -0.5 0 . 5 0 0 0 . 0 2 0 50 -0 . 5 0.0 0 0 -1. 3 9 2 0.9 7 0 1 0 0 0 0 0 0 0 0.9 0.349 0 . 0 0 5 90 - 0 . 4 0 . 3 0 0 - 0 . 2 0 6
65 -0.5 0 . 5 0 0 0 . 0 1 9 48 -0 . 5 0.0 0 0 - 1 . 4 4 3 0 . 9 8 0 1 0 0 0 0 0 0 0 0.9 0.3 4 9 0 . 0 0 4 100 -0. 5 0 . 3 0 0 - 0 . 2 0 9
70 -0.5 0 . 5 0 0 0 . 0 1 8 48 -0 . 5 0 . 0 0 0 -1. 4 9 6 0.9 9 0 1 0 0 0 0 0 0 0 0.9 0.349 0 . 0 0 3 70 -0. 3 0 . 3 0 0 - 0 . 2 0 3
70 -0. 5 0 . 5 0 0 0 . 0 1 8 10 -0 . 5 0.0 0 0 -1. 5 5 9 1.000 1 0 0 0 0 0 0 0 0.9 0.349 0 . 0 0 2 95 -0. 5 0 . 3 0 0 - 0 . 2 1 3
75 -0.5 0 . 5 0 0 0 . 0 1 7 10 -0 . 5 0.0 0 0 - 1 . 8 0 5 1.010 1 0 0 0 0 0 0 0 0.9 0.349 0.0 0 1 90 -0 . 5 0 . 3 0 0 - 0 . 2 0 8
52 -0 . 5 0 . 6 0 0 0.0 1 7 10 -0 . 5 0.0 0 0 - 2 . 1 0 3 1.020 1 0 0 0 0 0 0 0 0.9 0.3 4 9 0 . 0 0 0 58 -0 . 3 0 . 3 0 0 - 0 . 2 0 8
80 -0 . 5 0 . 5 0 0 0 . 0 1 6 10 -0 . 5 0 . 0 0 0 - 2 . 4 6 5 1.030 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 1 85 - 0 . 5 0 . 3 0 0 - 0 . 2 1 7
54 -0.5 0 . 6 0 0 0 . 0 1 6 10 -0 . 5 0.0 0 0 - 2 . 9 0 5 1.040 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 2 80 - 0 . 5 0 . 3 0 0 - 0 . 2 1 6
56 -0. 5 0 . 6 0 0 0 . 0 1 5 10 -0 . 5 0.0 0 0 -3. 4 3 7 1.050 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 3 75 -0. 5 0 . 3 0 0 - 0 . 2 1 7
58 -0. 5 0 . 6 0 0 0 . 0 1 5 10 -0 . 5 0.0 0 0 -4.0 6 9 1.060 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 5 44 - 0 . 4 0 . 3 0 0 - 0 . 2 2 5
60 -0. 5 0 . 6 0 0 0 . 0 1 4 10 -0 . 5 0.0 0 0 - 4 . 7 9 5 1.070 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 6 65 - 0 . 5 0 . 3 0 0 - 0 . 2 2 7
65 -0. 5 0 . 6 0 0 0 . 0 1 4 10 -0 . 5 0.0 0 0 - 5 . 5 7 5 1.080 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 7 50 -0 . 5 0 . 3 0 0 - 0 . 2 3 2
65 - 0 . 5 0 . 6 0 0 0 . 0 1 3 10 -0 . 5 0.0 0 0 -6.312 1.090 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 8 32 -0.1 0 . 4 0 0 - 0 . 1 1 7
70 -0 . 5 0 . 6 0 0 0 . 0 1 3 10 -0 . 5 0 . 0 0 0 - 6 . 8 5 0 1.100 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 0 9 32 -0.2 0 . 4 0 0 - 0 . 1 2 3
70 -0.5 0 . 6 0 0 0 . 0 1 3 10 -0 . 5 0.0 0 0 -7.0 1 7 1.110 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 0 34 -0.2 0 . 4 0 0 - 0 . 1 2 1
75 -0.5 0 . 6 0 0 0.0 1 2 11 -0 . 5 0.0 0 0 -6.9 3 9 1.120 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 1 38 -0.1 0 . 4 0 0 - 0 . 1 1 2
75 -0. 5 0 . 6 0 0 0 . 0 1 2 11 -0 . 5 0 . 0 0 0 -7.0 4 9 1.130 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 2 38 -0.3 0 . 4 0 0 - 0 . 1 1 7
80 -0. 5 0 . 6 0 0 0.0 1 1 12 -0.5 0 . 0 0 0 -7.077 1.140 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 3 40 -0. 3 0 . 4 0 0 - 0 . 1 1 7
80 -0. 5 0 . 6 0 0 0.0 1 1 12 -0.5 0.1 0 0 -7. 0 7 6 1.150 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 5 44 -0.2 0 . 4 0 0 - 0 . 1 1 0
85 -0. 5 0 . 6 0 0 0 . 0 1 0 13 -0.5 0.1 0 0 -7. 1 2 2 1.160 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 6 50 -0. 5 0 . 3 8 3 - 0 . 1 1 9
130 - 0 . 5 0 . 5 0 0 0 . 0 1 0 14 -0.5 0.1 0 0 - 7 . 1 3 3 1.170 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 7 50 -0. 5 0 . 3 8 3 - 0 . 1 3 2
140 -0. 5 0 . 5 0 0 0 . 0 1 0 15 -0.5 0 . 1 0 0 -7.151 1.180 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 8 56 -0. 5 0 . 3 8 0 - 0 . 1 2 8
140 -0. 5 0 . 5 0 0 0.0 0 9 14 -0.5 0.2 0 0 -7. 1 8 7 1.190 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 1 9 65 -0. 5 0 . 3 7 6 - 0 . 1 2 0
150 -0. 5 0 . 5 0 0 0.0 0 9 15 -0.5 0.2 0 0 -7. 2 6 4 1.200 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 0 70 -0. 5 0 . 3 7 4 - 0 . 1 2 2
160 -0. 5 0 . 5 0 0 0 . 0 0 9 16 -0.5 0.2 0 0 -7.329 1.210 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 1 80 -0. 5 0 . 3 7 1 - 0 . 1 1 8
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B E F O R E  T E S T S  A P P L I E D
K7
A F T E R T E S T S  A P P L I E D  A S  P E R  I S O  S T A N D A R D  T R 4467
M A X I M U M V A L U E S M I N I M U M V A L U E S M A X I M U M V A L U E S M I N I M U M V A L U E S
N E X P H I L M A X I M U M N E X P H I L M I N I M U M NE X P H I L M A X I M U M N E X P H I L M I N I M U M
160 -0.5 0 . 5 0 0 0.0 0 8 17 -0.5 0 . 2 0 0 -7. 3 7 8 1.220 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 3 90 -0.5 0.369 - 0 . 1 1 6
170 -0.5 0.5 0 0 0.0 0 8 19 -0 . 5 0 . 2 0 0 -7.441 1.230 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 4 100 -0 . 5 0.367 - 0 . 1 1 6
180 -0.5 0 . 5 0 0 0.0 0 8 20 -0.5 0 . 2 0 0 -7.497 1.240 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 5 120 -0 . 5 0.3 6 4 - 0 . 1 0 9
190 -0.5 0 . 5 0 0 0.007 18 -0. 5 0 . 3 0 0 -7. 5 9 3 1.250 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 6 150 -0 . 5 0.361 - 0 . 0 9 9
200 -0.5 0.5 0 0 0.007 19 -0.5 0 . 3 0 0 -7.756 1.260 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 7 180 - 0 . 5 0.359 - 0 . 0 9 5
200 -0.5 0.5 0 0 0.007 20 -0. 5 0 . 3 0 0 -7. 8 8 8 1.270 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 2 8 300 - 0 . 5 0.3 5 5 - 0 . 0 7 2
10 -0.5 0.000 0 . 0 5 5 22 -0. 5 0 . 3 0 0 -8.079 1.280 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 3 0 400 -0 . 5 0.3 5 4 - 0 . 0 6 6
10 -0.5 0.0 0 0 0.1 3 2 24 -0. 5 0 . 3 0 0 -8. 2 4 3 1.290 1 0 0 0 0 0 0 0 0.9 0.349 - 0 . 0 3 1 500 -0. 1 0.357 - 0 . 0 4 8
10 -0.5 0.0 0 0 0.2 0 2 26 -0.5 0 . 3 0 0 - 8 . 4 3 3 1.300 1 0 0 0 0 0 0 0 0.9 0.3 4 9 - 0 . 0 3 2 2 0 0 0 - 0 . 5 0 . 3 5 0 - 0 . 0 4 1
10 -0.5 0.0 0 0 0.2 6 7 28 -0.5 0 . 3 0 0 -8.6 3 8 1.310 - - - - - -
10 -0.5 0.000 0 . 3 3 0 30 -0.5 0 . 3 0 0 -8.812 1.320 - - - - - -
10 -0.5 0.0 0 0 0.391 34 -0.5 0 . 3 0 0 -9.0 5 3 1.330 - - - - - -
10 -0.5 0.0 0 0 0 . 4 5 3 38 -0.5 0 . 3 0 0 -9.2 6 4 1.340 - - - - - -
10 -0.5 0 . 0 0 0 0.5 1 7 42 -0.5 0 . 3 0 0 -9.477 1.350 - - - - - -
10 -0.5 0 . 0 0 0 0.5 8 7 48 -0 . 5 0 . 3 0 0 -9.671 1.360 - - - - - -
10 -0.5 0 . 0 0 0 0 . 6 6 3 34 -0 . 5 0 . 4 0 0 -9.992 1.370 - - - - - -
10 -0.5 0 . 0 0 0 0 . 7 5 0 36 -0.5 0 . 4 0 0 - 1 0 . 5 6 0 1.380 - - - - - -
10 -0.5 0 . 0 0 0 0 . 8 4 8 10 1.0 0 . 3 0 0 -12. 7 6 6 1.390 - - - - - -
10 1.0 0 . 3 0 0 1 0 0 . 3 1 1 11 1.0 0 . 3 0 0 -17. 4 4 2 1.400 - - - - - -
11 1.0 0 . 3 0 0 3 2 . 6 5 1 12 1.0 0 . 3 0 0 -36. 6 5 1 1.410 - - - - - -
13 1.0 0 . 3 0 0 1 0 2 . 3 8 3 14 1.0 0 . 3 0 0 - 2 6 . 6 4 3 1.420 - - - - - -
15 1.0 0 . 3 0 0 8 8 . 5 8 0 16 1.0 0 . 3 0 0 -35. 8 5 7 1.430 - - - - - -
17 1.0 0 . 4 0 0 3 4 . 6 5 7 18 1.0 0 . 4 0 0 - 3 3 6 . 0 4 9 1.440 - - - - - -
20 1.0 0 . 4 0 0 3 1 . 6 4 6 22 1.0 0 . 4 0 0 - 5 5 . 4 2 4 1.450 - - - - - -
24 1.0 0 . 4 0 0 3 0 . 9 8 4 26 1.0 0 . 4 0 0 - 1 6 1 . 8 3 3 1.460 - - - - - -
30 1.0 0 . 4 0 0 4 1 . 8 0 7 32 1.0 0 . 4 0 0 - 1 7 9 . 8 5 0 1.470 - - - - - -
38 1.0 0 . 4 0 0 4 6 . 1 1 8 40 1.0 0 . 4 0 0 -1026.894 1.480 - - - - - -
50 1.0 0 . 4 0 0 5 6 . 4 9 6 52 1.0 0 . 4 0 0 -2835.906 1.490 - - - - - -
70 1.0 0 . 4 0 0 2 9 0 . 4 3 9 170 -0.5 0 . 4 0 0 -27.596 1.500 - - - - - _
100 1.0 0 . 4 0 0 1 5 0 . 0 1 8 24 0.9 0 . 3 0 0 -31. 7 4 8 1.510 - - - - - *
36 0.9 0 . 3 0 0 5 2 7 . 3 6 3 160 1.0 0 . 3 0 0 -33.302 1.520 - - - - _ «
60 0.9 0 . 3 0 0 1 8 . 5 4 0 400 -0.5 0 . 4 0 0 -39. 6 5 0 1.530 - - - - - «
17 1.0 0 . 7 0 0 2 3 . 4 8 2 140 0.9 0 . 3 0 0 -55. 4 4 4 1.540 - - - - - _
44 1.0 0 . 6 0 0 9 5 . 1 8 1 1000 -0.3 0 . 4 0 0 -68.027 1.550 - - - - -
400 0.9 0 . 4 0 0 2 5 . 0 4 5 200 0.9 0 . 5 0 0 -67. 3 7 5 1.560 - - - - -
90 0.7 0 . 5 0 0 6 1 . 8 2 3 1400 -0.5 0 . 4 0 0 -339 . 3 0 6 1.570 - - - - -
44 -0.1 0 . 0 0 0 2.0 0 0 1 0 0 0 0 0 0 0 0.3 0 . 5 0 0 - 28.169 1.571
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G E A R  G E O M E T R Y  P R O G R A M
" g e a r g e o m . e x e "
G E A R  G E O M E T R Y  F A C T O R  P R O G R A M  
A S  S P - 0 0 1 - 1 9 8 7
V E R S I O N  1 . 0 0  
J U N E  1 9 8 7
D E S I G N E D  B Y  R .  D A V E Y  
P R O G R A M M E D  B Y  : -  E . H U T T O N
* *
* (C) C o p y r i g h t  -  R .  D A V E Y  &  E. H U T T O N  1 9 8 7  *
*
*
* P e r s o n s  u s i n g  t h i s  s o f t w a r e  a r e  r e m i n d e d  t h a t  t h e  c o p y r i g h t  o f  *
* t h i s  f i l e  " R E A D M E " r e m a i n s  w i t h  R .  D A V E Y  &  E . H U T T O N . *
* O t h e r  t h a n  c o p i e s  m a d e  f o r  t h e  p e r s o n a l  u s e  o f  t h e  o r i g i n a l  *
* p u r c h a s e r ,  n o  p a r t  o f  t h i s  f i l e  m a y  b e  r e p r o d u c e d ,  s t o r e d  i n  a *
* r e t r i e v a l  s y s t e m  i n  a n y  f o r m  o r  t r a n s m i t t e d  b y  a n y  m e a n s  *
* w i t h o u t  p r i o r  p e r m i s s i o n  i n  w r i t i n g  o f  R .  D A V E Y  &  E .  H U T T O N .  *
È*********************** * * * * * * * * * * * * * * m * *  + + * *  + + + t + m + * t ******* *****
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T A B L E  O F  C O N T E N T S .
D E S C R I P T I O N P A G E
P R O G R A M  S P E C I F I C A T I O N .  
L I M I T A T I O N  O F  L I A B I L I T I E S .




W H A T  Y O U  N E E D  T O R U N  G E A R G E O M . 2 4 9
D I S K E T T E  P R O T E C T I O N . 2 4 9
F I L E S O N  T H E  D I S K E T T E . 2 5 0
M E T H O D » O F  O P E R A T I O N . 2 5 1
S A M P L E S E S S I O N . 2 5 2
6 . 1 . C R E A T I N G  A N  I N I T I A L  S E T  O F  D A T A . 2 5 4
6 . 1 . 1 . " t i t l e " D E S C R I P T I O N 2 5 4
6 . 1 . 2 . " n p " , " n w " T E E T H  N U M B E R S 2 5 5
6 . 1 . 3 . "m n " N O R M A L  M E T R I C  M O D U L E 2 5 5
6 . 1 . 4 . " P H I C " N O R M A L  P R E S S U R E  A N G L E  O F  C U T T E R 2 5 7
6 . 1 . 5 . " h a " A D D E N D A  O F  S P E C I A L  C U T T E R S 2 5 8
6 . 1 . 6 . " h b " D E D E N D A  O F  S P E C I A L  C U T T E R S 2 5 8
6 . 1 . 7 . " r t " T I P  R A D I I  O F  S P E C I A L  C U T T E R S 2 5 8
6 . 1 . 8 . " p s i s " H E L I X  A N G L E  A T  T H E  R E F E R E N C E  P C D 2 5 9
6 . 1 . 9 . " f " F A C E  W I D T H 2 5 9
6 . 1 . 1 0 . " x " A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T 2 6 0
6 . 1 . 1 1 . " D L T A R O " T R U N C A T I O N  A P P L I E D  ( T O P P I N G ) 2 6 0
6 . 1 . 1 2 . " b n " B A C K L A S H  I N  T H E  N O R M A L  P L A N E 2 6 1
6 . 1 . 1 3 . " I C O D E " I T E R A T I O N  T Y P E 2 6 1
6 . 1 . 1 4 . " r o u g h " A C C U R A T E  S P U R  G E A R S 2 6 1
6 . 1 . 1 5 . " B U T T " B U T T R E S S I N G  O F  G E A R S 2 6 2
6 . 1 . 1 6 . " c i r e f " M I N I M U M  I N V O L U T E  C L E A R A N C E  C O E F F . 2 6 3
6 . 1 . 1 7 . " c u r e f " M I N I M U M  R O O T  C L E A R A N C E  C O E F F . 2 6 3
6 . 1 . 1 8 . " C W R E F " M I N I M U M  T O P  L A N D  W I D T H  C O E F F . 2 6 3
6 . 1 . 1 9 . " c t r e f " M I N I M U M  T O T A L  C O N T A C T  R A T I O 2 6 4
6 . 1 . 2 0 . " Q V " Q U A L I T Y  N U M B E R S 2 6 4
6 . 2 .  :R E T R I E V I N G A  S T O R E D  S E T  O F  D A T A . 2 6 5
6 . 3 . S A V I N G  T H E S E T  O F  D A T A . 2 6 5
6 . 4 .  .A N A L Y S I N G  T H E  S E T  O F  D A T A . 2 6 6
6 . 5 .  E D I T I N G  T H E  S E T  O F  D A T A .
6 . 6 .  P R I N T E D  O U T P U T  F O R  H E L I C A L  E X A M P L E
2 6 7
2 6 9
R A C K S  -  A  S P E C I A L  C A S E .
7 . 1  A N  E X A M P L E .




R E C O M V D E N D E D  D E S I G N  G U I  D E L  I N E S . 2 7 8
9 . S A M P L E  D A T A  E N T R Y  S H E E T . 2 8 0
GEAR GEOMETRY PROGRAM.
G E A R  G E O M E T R Y  F A C T O R S  P R O G R A M  A S S P - 0 0 1 - 1  9 8 7  " G E A R G E O M . E X E "
P R O G R A M  S P E C I F I C A T I O N .
T h i s  p r o g r a m  c a l c u l a t e s  t h e  g e o m e t r y  f a c t o r s  f o r  p i t t i n g  
r e s i s t a n c e  ( I )  a n d  b e n d i n g  s t r e n g t h  ( J )  f o r  p a r a l l e l  s h a f t  
e x t e r n a l  s p u r  a n d  h e l i c a l  i n v o l u t e  g e a r s ,  i n  a c c o r d a n c e  w i t h  
A G M A  2 1 8 . 0 1  a n d  A S  2 9 3 8 - 1 9 8 7 .
T h e  c a l c u l a t i o n s  a r e  b a s e d  o n  g e a r  t e e t h  m a n u f a c t u r e d  b y  a h o b  
o r  a r a c k  c u t t e r  w i t h o u t  p r o t u b e r a n c e  a n d  d o  n o t  i n c l u d e  
m a n u f a c t u r i n g  t o l e r a n c e s ,  w h i c h  h a v e  o n l y  a m a r g i n a l  e f f e c t  o n  
t h e  c a l c u l a t e d  v a l u e s  o f  ( I )  a n d  ( J ) .
T h e  p r o g r a m  i s  u n i v e r s a l  a n d  a s  s u c h  h a s  i n h e r e n t  d a n g e r s  f o r  
t h e  i n e x p e r i e n c e d  g e a r  d e s i g n e r .  T h e  p r o g r a m  a u t  o ma  t i c a 1 1 y  
i d e n t i f i e s  a n d  s u g g e s t s  s o l u t i o n s  t o  f o u r  o f  t h e s e  p o t e n t i a l  
e r r o r s .  N a m e l y  t h a t  o f  t i p  t o  r o o t  f i l l e t  i n t e r f e r e n c e ,  
i n s u f f i c i e n t  b o t t o m  c l e a r a n c e ,  i n s u f f i c i e n t  t o p  l a n d  w i d t h  a n d  
n o n  c o n j u g a t e  a c t i o n .
T h e  p r o g r a m  w a s  d e s i g n e d  b y  R .  D a v e y  a n d  p r o g r a m m e d  b y  E .  
H u t t o n  o f  B H P  S t e e l  I n t e r n a t i o n a l  G r o u p  S l a b  a n d  P l a t e  P r o d u c t s  
D i v i s i o n  P o r t  K e m b 1 a S t e e l w o r k s  a n d  d o n a t e d  t o  S A A  b y  t h a t  
c o m p  a n y .
T h e  p r o g r a m  i s  w r i t t e n  i n  F o r t r a n  7 7  a n d  c o m p i l e d  u s i n g  
M i c r o s o f t  F o r t r a n  C o m p i l e r  V e r s i o n  3 . 3 1  a n d  w i l l  r u n  o n  I B M  
P C / X T / A T  o r  c o m p a t i b l e  w i t h  a m i n i m u m  o f  2 5 6  K B y t e s  o f  R A M  
m e m o r y ,  a n d  o n e  d o u b l e  s i d e d  f l o p p y  d i s k e t t e  d r i v e .
S A A  o b t a i n e d  c o p i e s  o f  t h e  d i s k e t t e  f r o m  F I G T R E E  C O M P U T E R  
S E R V I C E S  P T Y . L T D . o f  1 1 6  M o n t a g u e  S t r e e t ,  N o r t h  Wo  1 1 o n g o n g  
( P h o n e  0 4 2 - 2 8 4 3 3 3 ) ,  w h i c h  i s  a l s o  r e s p o n s i b l e  f o r  m a i n t a i n i n g  
t h e  p r o g r a m .  A l l  e n q u i r i e s  c o n c e r n i n g  t h e  o p e r a t i o n  o f  t h e  
p r o g r a m  s h o u l d  b e  d i r e c t e d  t o  t h a t  c o m p a n y ,  e x c e p t  t h o s e  
r e l a t i n g  t o  c o p y r i g h t  w h i c h  s h o u l d  b e  d i r e c t e d  t o  S A A .  ( P h o n e  
0 2 - 9 6 3 4 2 2 3 )
A  s u p p l e m e n t a r y  p r o g r a m  t o  G E A R G E O M ,  I R A T E ,  p e r t a i n i n g  t o  t h e  
a l l o w a b l e  t r a n s m i t t e d  p o w e r  r a t i n g  a s  p e r  A G M A  2 1 8 . 0 1  i s  
a v a i l a b l e  f r o m  E .  H u t t o n  o r  R  D a v e y . ( P h o n e  0 4 2 - 2 9 1 2 8 2 )
- 248 -
GEAR GEOMETRY PROGRAM.
L I M I T A T I O N  O F  L I A B I L I T I E S  A N D  D I S C L A I M E R  O F  W A R R A N T I E S .
1 . O n l y  l i m i t e d  v a l i d a t i o n  o f  t h e  p r o g r a m  h a s  b e e n  d o n e  b y  S A A  
a n d  u s e r s  a r e  a d v i s e d  t o  s a t i s f y  t h e m s e l v e s  t h a t  t h e  p r o g r a m  
s u i t a b l e  f o r  t h e i r  p u r p o s e s .  A s  S A A  w a s  n o t  d i r e c t l y  i n v o l v e d  
i n  t h e  d e s i g n  o r  m a n u f a c t u r e  o f  t h e  p r o g r a m ,  i t  i s  n e c e s s a r y  
s t a t e  t h a t  i t  i s  s u p p l i e d  o n  t h e  s t r i c t  u n d e r s t a n d i n g  t h a t  
n e i t h e  r S A A  n o r  a n y  o f  i t s  o f f i c e r s  a r e  t o  i n c u r  a n y  l e g a l  
l i a b i l i t y  w h a t s o e v e r  ( i n c l u d i n g  l i a b i l i t y  f o r  n e g l i g e n c e )  
s h o u l d  t h e  s o f t w a r e  i n c o r r e c t l y  a p p l y  t h e  m a t e r i a l  i n  t h e  
s t a n d a r d  o r  b e  i n c  o m p l e t e  o r  i n  s o m e  o t h e r  w a  y  d e f e c t i v e  a n d  
a l l  l i a b i l i t y  m u s t  t h e r e f o r e  b e  d i s c l a i m e d .
i s 
t o
B H P  S t e e l  I n t e r n a t i o n a l  G r o u p  S l a b  a n d  P l a t e  P r o d u c t s  D i v i s i o n  
P o r t  K e m b l a  S t e e l w o r k s  a n d  F i g t r e e  C o m p u t e r  S e r v i c e s  P t y .  L t d .  
m a k e  n o  e x p r e s s e d  o r  i m p l i e d  w a r r a n t i e s  o f  a n y  k i n d  w i t h  r e g a r d  
t o  p e r f o r m a n c e  o r  f i t n e s s  o f  p u r p o s e  f o r  t h e  p r o g r a m .  I n  n o  
e v e n t  s h a l l  B H P  S t e e l  I n t e r n a t i o n a l  G r o u p  S l a b  a n d  P l a t e  
P r o d u c t s  D i v i s i o n  P o r t  K e m b l a  S t e e l w o r k s  a n d / o r  F i g t r e e  
C o m p u t e r  S e r v i c e s  P t y .  L t d .  o r  a n y  o f  t h e i r  e m p l o y e e s  b e  l i a b l e  
f o r  i n c i d e n t a l  o r  c o n s e q u e n t i a l  d a m a g e s  i n  c o n n e c t i o n  w i t h  o r  
a r i s i n g  o u t  o f  t h e  d i s t r i b u t i o n  o r  u s e  o f  t h e  p r o g r a m .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* *
* ( C )  C o p y r i g h t  -  S t a n d a r d s  A s s o c i a t i o n  o f  A u s t r a l i a  «
* .
* U s e r s  o f  t h i s  p r o g r a m  a r e  r e m i n d e d  t h a t  t h e  c o p y r i g h t  o f  t h i s  *
* s o f t w a r e  ( o t h e r  t h a n  t h e  f i l e  " R E A D M E " )  r e m a i n s  w i t h  t h e  *
* S t a n d a r d s  A s s o c i a t i o n  o f  A u s t r a l i a .  N o  p a r t  o f  t h i s  s o f t w a r e  *
* m a y  b e  r e p r o d u c e d ,  s t o r e d  i n  a r e t r i e v a l  s y s t e m  i n  a n y  f o r m  o r  *
* t r a n s m i t t e d  b y  a n y  m e a n s  w i t h o u t  p r i o r  p e r m i s s i o n  i n  w r i t i n g  o f  *
* t h e  S t a n d a r d s  A s s o c i a t i o n  o f  A u s t r a l i a .  *
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
GEAR GEOMETRY PROGRAM.
G E A R  G E O M E T R Y  F A C T O R S  " I " A N D  " J ' .
T h e  c a l c u l a t i o n  o f  g e a r  g e o m e t r y  f a c t o r s  a s  d e f i n e d  i n  A G M A  
2 1 8 . 0 1  a n d  A p p e n d i x  D  o f  A u s t r a l i a n  S t a n d a r d  A S  2 9 3 8 - 1 9 8 7  
n e c e s s i t a t e s  n u m e r o u s  c o m p u t a t i o n s .  T h i s  p r o g r a m  r e d u c e s  t h e  
t e d i u m ,  t h u s  e n a b l i n g  t h e  a n a l y s i s  o f  v a r i o u s  s o l u t i o n s  t o  t h e  
s a m e  p r o b l e m .  T h e  r e s u l t s  c a n  b e  d i s p l a y e d  o n  t h e  s c r e e n ,  
p r i n t e d  b y  a s t a n d a r d  p r i n t e r  o r  s t o r e d  t o  d i s k  f o r  l a t e r  
p r o c e s s i n g .
W H A T  Y O U  N E E D  T O  R U N  G E A R G E O M .
T o  s u c c e s s f u l l y  c a l c u l a t e  t h e  g e o m e t r y  f a c t o r s  f o r  a g e a r  s e t  
o n  y o u r  I B M  P C / X T / A T  o r  c o m p a t i b l e ,  y o u  n e e d :
Y o u r  G E A R G E O M  d i s k e t t e .
A t  l e a s t  2 5 6 K  b y t e s  o f  r a n d o m  a c c e s s  m e m o r y  ( R A M ) .
O n e  d i s k e t t e  d r i v e  
A  D i s p l a y  m o n i t o r .
A  P r i n t e r  ( o p t i o n a l  b u t  r e c o m m e n d e d ) .
E i t h e r  P C  o r  M S  D O S  d i s k e t t e ,  V e r s i o n  2 . 0  o r  l a t e r .
B l a n k  5 - 1 / 4  i n c h  d i s k e t t e s  
D I S K E T T E  P R O T E C T I O N .
B e f o r e  u s i n g  t h e  G E A R G E O M  p r o g r a m  y o u  s h o u l d ,  f o r  y o u r  o w n  
p r o t e c t i o n ,  e i t h e r  m a k e  a w o r k - c o p y  o f  t h e  d i s t r i b u t i o n  
d i s k e t t e  o r  c o p y  G E A R G E O M  o n t o  y o u r  h a r d  d i s k  t h e n  s t o r e  t h e  
o r i g i n a l  s a f e l y  a w a y .
T o  m a k e  a w o r k - c o p y  o f  t h e  d i s k e t t e  y o u  m u s t  f i r s t  f o r m a t  a 
b l a n k  d i s k e t t e .  U s e  t h e  D O S  F O R M A T  c o m m a n d  w i t h  t h e  S o p t i o n .  
T h i s  f o r m a t s  t h e  d i s k e t t e  a n d  c o p i e s  t h e  D O S  s y s t e m  f i l e s  a n d  
C O M M A N D . C O M  o n t o  y o u r  d i s k e t t e .  Y o u  c a n  s t a r t  D O S  u s i n g  t h i s  
d i s k e t t e .  N e x t  u s e  t h e  D O S  C O P Y  c o m m a n d  t o  c o p y  t h e  m a s t e r  
f i l e s  t o  y o u r  w o r k - c o p y  d i s k e t t e .  R e f e r  t o  t h e  I B M  P e r s o n a l  
C o m p u t e r  D i s k  O p e r a t i n g  S y s t e m  m a n u a l  f o r  m o r e  i n f o r m a t i o n  
a b o u t  f o r m a t t i n g  a n d  c o p y i n g .
T o  c o p y  G E A R G E O M  o n t o  y o u r  h a r d  d i s k  y o u  m a y  e i t h e r  c r e a t e  a 
s u b d i r e c t o r y  o n  y o u r  h a r d  d i s k  o r  u s e  a n  e x i s t i n g  d i r e c t o r y ,  
t h e n  u s e  t h e  D O S  C O P Y  c o m m a n d  t o  c o p y  a l l  t h e  f i l e s  o n  t h e  
o r i g i n a l  d i s k e t t e  t o  y o u r  h a r d  d i s k .  R e f e r  t o  t h e  I B M  P e r s o n a l  
C o m p u t e r  D i s k  O p e r a t i n g  S y s t e m  m a n u a l  f o r  m o r e  i n f o r m a t i o n  
a b o u t  s u b d i r e c t o r i e s  a n d  c o p y i n g .
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G E A R  G E O M E T R Y  P R O G R A M .
I t  s h o u l d  b e  
o f  G E A R G E O M ,
n o t e d  t h a t  a n y  e n q u i r i e s  c o n c e r n i n g  t h e  o p e r a t i o n  
w i l l  o n l y  b e  a n s w e r e d  b y  F I G T R E E  C O M P U T E R  S E R V I C E S
P T Y . L T D . , i f  t h e  e n q u i r e r  i s  r e g i s t e r e d  a s  h a v i n g  p u r c h a s e d
t h e  o r i g i n a l s o f t w a r e  f r o m  S A A .
4 .  F I L E S  O N  T H E D I S K E T T E .
T h  e d i s k e t t e c o n t a i n s  t h e  f o l l o w i n g  f i l e s .
G E A R G E O M . E X E G e a r  g e o m e t r y  f a c t o r  c a l c u l a t i o n  p r o g r a m
G E O M L O G O . T X T C o m p u 1 s o  r  y  f i l e .
R E A D M E G E A R G E O M  p r o g r a m  d o c u m e n t a t i o n  f i l e ,  ( y o u  a r e  
r e a d i n g  i t )
( U s e  t h e  f o l l o w i n g  D O S  c o m m a n d  t o  o b t a i n  a h a r d  
c o p y  o f  t h i s  f i l e  o n  y o u r  p r i n t e r .
C O P Y  R E A D M E  P R N
T h e  f o l l o w i n g  e x a m p l e  d a t a  s e t s  a r e  f o r  t h e  w o r k e d  e x a m p l e s  i n  
A p p e n d i x  D  o f  A S 2 9 3 8 - 1 9 8 7 .
E X A M P L E 1 . D A T E X A M P L E  N O .  B 3 . 2  W I T H  B A C K L A S H  &  T R U N C A T I O N
E X A M P L E 2 . D A T E X A M P L E  N O .  D 3  . 1 . 2 W I T H  B A C K L A S H  ( F I G .  B 2  A G M A  
2 1 8 . 0 1 )
E X A M P L E 3 . D A T E X A M P L E  N O .  D 3  . 1 . 3 W I T H  B A C K L A S H  ( F I G .  B 2  A G M A  
2 1 8 . 0 1 ) .  ( I N A C C U R A T E )
E X A M P L E 4 . D A T E X A M P L E  N O .  D 3  . 1 . 4 W I T H  B A C K L A S H  ( F I G .  B 1  A G M A  
2 1 8 . 0 1 ) .
E X A M P L E 5 . D A T E X A M P L E  N O .  D 3  . 1 . 5 W I T H  B A C K L A S H  ( F I G .  B 1  A G M A  
2 1 8 . 0 1 )
E X A M P L E 6 . D A T E X A M P L E  N O .  B 4 . 2  W I T H  B A C K L A S H
E X A M P L E 7 . D A T E X A M P L E  N O .  D 3 . 2 . 2  W I T H  B A C K L A S H  N O  T R U N C A T I O N
E X A M P L E 8 . D A T E X A M P L E  N O .  D 3 . 2 . 2  W I T H  B A C K L A S H  A N D  T R U N C A T I O N
E X A M P L E 9 . D A T E X A M P L E  N O .  B 4  . 2 W I T H  B A C K L A S H .
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5 .  M E T H O D  O F  O P E R A T I O N .
T o  u s e  t h e  p r o g r a m ,  p l a c e  t h e  d i s k e t t e  i n  t h e  d r i v e .  M a k e  s u r e  
t h a t  t h e  d r i v e  i s  t h e  d e f a u l t  d r i v e ,  t h e n  c o m m e n c e  e x e c u t i o n  b y  
t y  p  i n  g  G E A R G E O M  a t  t h e  D O S  p  r  o m p  t .
A : > G E A R G E Q M
A f t e r  t h e  p r e a m b l e  h a s  b e e n  d i s p l a y e d ,  t h e  I N I T I A L  D A T A  F I L E  
S E L E C T I O N  m e n u  i s  d i s p l a y e d
GEAR GEOMETRY PROGRAM.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* G E A R  G E O M E T R Y  P R O G R A M  A S S P - 0 0 1 - 1 9 8 7  V e r  1 . 0 0  J U N  1 9 8 7  * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* C A L C U L A T I O N  O F  T H E  G E O M E T R Y  F A C T O R S  F O R  P I T T I N G  R E S I S T A N C E  A N D  *
* B E N D I N G  S T R E N G T H  F O R  E X T E R N A L  S P U R  A N D  H E L I C A L  I N V O L U T E  G E A R  *
* T E E T H  W I T H O U T  P R O T U B E R A N C E  *
* *
* *
* G E A R  G E O M E T R Y  P R O G R A M  M O D E  I N I T I A L  S E T  O F  D A T A  *
* *
* P L E A S E  S E L E C T  T H E  R E Q U I R E D  O P T I O N  *
* *
* 1 =  C R E A T E  *
* 2 =  R E T R I E V E  *
* *
* 9 =  E X I T  F R O M  P R O G R A M  »
* » 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S E L E C T  O P T I O N  = = >
S e l e c t i o n  o f  " 1 "  a l l o w s  f o r  t h e  c r e a t i o n  o f  a n e w  s e t  o f  d a t a ,  
i n  o r d e r  t o  c a l c u l a t e  t h e  g e o m e t r y  f a c t o r s .  ( R e f e r  S e c t i o n  6 . 1 )
S e l e c t i o n  o f  " 2 "  e n a b l e s  t h e  s e t  o f  d a t a  t o  b e  i n i t i a l i s e d  
f r o m  a s t o r e d  d a t a  f i l e ,  i n  o r d e r  t o  c a l c u l a t e  t h e  g e o m e t r y  
f a c t o r s .  ( R e f e r  S e c t i o n  6 . 2 )
S e l e c t i o n  o f  * 9 "  w i l l  t e r m i n a t e  t h e  p r o g r a m .
A f t e r  e i t h e r  o p t i o n  V  o r  " 2 "  h a s  b e e n  e x e c u t e d ,  t h e  S E L E C T E D  
S E T  O F  D A T A  m e n u  i s  d i s p l a y e d .
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♦ a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* G E A R  G E O M E T R Y  P R O G R A M  A S S P - 0 0  1 - 1  9 8 7  V e r  1 . 0  0 J U N  1 9  8 7  * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* C A L C U L A T I O N  O F  T H E  G E O M E T R Y  F A C T O R S  F O R  P I T T I N G  R E S I S T A N C E  A N D  *
* B E N D I N G  S T R E N G T H  F O R  E X T E R N A L  S P U R  A N D  H E L I C A L  I N V O L U T E  G E A R  *
» T E E T H  W I T H O U T  P R O T U B E R A N C E  *
G E A R  G E O M E T R Y  P R O G R A M  M O D E  S E L E C T E D  S E T  O F  D A T A  
F I L E  N A M E  =  . . . n o n e . . .
* P L E A S E  S E L E C T  T H E  R E Q U I R E D  O P T I O N  F O R  T H E  C U R R E N T  S E T  O F  D A T A  *
^ *
* 1 =  A N A L Y S E  *
* 2 =  E D I T  *
* 3 =  S A V E  *
_ *
* 9 =  R E T U R N  t o  I N I T I A L  S E T  O F  D A T A  M E N U  *
 ̂ *
******************************************************************
S E L E C T  O P T I O N  = = >
S e l e c t i o n  o f  " l "  a n a l y s e s  t h e  c u r r e n t  g e a r  s e t  d a t a ,  
c a l c u l a t i n g  t h e  I a n d  J g e o m e t r y  f a c t o r s .  T h e  c a l c u l a t i o n s  c a n  
b e  d i s p l a y e d  o n  t h e  s c r e e n ,  p r i n t e d  b y  a p r i n t e r  o r  s t o r e d  t o  a 
f i l e .  ( R e f e r  S e c t i o n  6 . 4 )
S e l e c t i o n  o f  " 2" a l l o w s  f o r  e d i t i n g  t h e  c u r r e n t  g e a r  s e t  d a t a .  
( R e f e r  S e c t i o n  6 . 5 )
S e l e c t i o n  o f  " 3 "  a l l o w s  t h e  c u r r e n t  g e a r  s e t  d a t a  f i l e  t o  b e  
s t o r e d  t o  d i s k .  ( R e f e r  S e c t i o n  6 . 3 )
S e l e c t i o n  " 9 "  w i l l  r e t u r n  t o  t h e  p r e v i o u s  m e n u .
6 .  S A M P L E  S E S S I O N
T h i s  s e c t i o n  u s e s  a d e m o n s t r a t i o n  g e a r  s e t  t o  i l l u s t r a t e  t h e  
s t e p  b y  s t e p  i n s t r u c t i o n s  f o r  u s i n g  t h e  G E A R G E O M  p r o g r a m .
I f  y o u  e n t e r  c o m m a  n d s  e x a c t l y  a s  d e s c r i b e d  i n  t h i s  s e c t i o n ,  
y o u  w i l l  h a v e  a s u c c e s s f u l  s e s s i o n  w i t h  t h e  G E A R G E O M  p r o g r a m .
T h e  s i x  s t e p s  i n  a n a l y s i n g  a g e a r  s e t  a r e :
1 .  C r e a t e  a s e t  o f  d a t a  o r  r e t r i e v e  a s t o r e d  d a t a
file.
2 . V i e w  a n d  v e r i f y  t h e  s e t  o f  d a t a .
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3 .  S a v e  t h e  s e t  o f  d a t a  t o  a d a t a  f i l e  ( o p t i o n a l ) .
4 .  A n a l y s e  t h e  s e t  o f  d a t a .
5 -  E d i t  -  C h a n g e  a n y  v a l u e s  i n  t h e  s e t  o f  d a t a  
t h a t  m a y  n e e d  c o r r e c t i o n  a s  a r e s u l t  o f  t h e  
a n a l y s i s .
6 - P r i n t  o u t  t h e  r e s u l t s  o f  t h e  a n a l y s i s .
D a t a  i n p u t  i n  t h e  c r e a t e  o r  e d i t  m o d e .
T h e  b a s i c  s y m b o l s  a r e  d i v i d e d  i n t o  l e t t e r s ,  d i g i t s ,  a n d  
s p e c i a l  s y m b o 1 s .
L E T T E R S  A  t o Z ,  a t o  z
D I G I T S  0 1 2 3 4 5 6 7 8 9
S P E C I A L  S Y M B O L S  + - . / = " ( ) [  ] { }
, : ; ’ $ ! @ % &
D a t a  t y p e s  u s e d  i n  G E A R G E O M  a r e  C H A R A C T E R S ,  I N T E G E R S  a n d  
R E A L S .
C H A R A C T E R S  a r e  c o m p o s e d  o f  L E T T E R S ,  D I G I T S  o r  S P E C I A L  
S Y M B O L S
I N T E G E R S  a r e  w h o l e  n u m b e r s  i n  t h e  r a n g e  o f  - 2  1 4 7  4 8 3  6 3 7  
t o  2 1 4 7  4 8 3  6 4 7  a n d  a r e  c o m p o s e d  o f  D I G I T S  w i t h  a n  
o p t i o n a l  l e a d i n g  n e g a t i v e  s i g n .
R E A L S  a r e  f r a c t i o n a l  n u m b e r s  t h a t  r a n g e  f r o m  4 . 1 9 D - 3 0 7  
1 . 6 7 D + 3 0 8 ,  — 1 . 6 7 D +  3 0 8  t o  - 4 . 1 9 D - 3 0 7 ,  a n d  z e r o  w i t h  u p  t o  
1 5  s i g n i f i c a n t  d i g i t s ,  a n d  a r e  c o m p o s e d  w i t h  D I G I T S  w i t h  
w i t h  a n  o p t i o n a l  d e c i m a l  p o i n t ,  a n  o p t i o n a l  l e a d i n g  
n e g a t i v e  s i g n  a n d  a n  o p t i o n a l  e x p o n e n t .
N O T E  W h e r e  t w o  v a r i a b l e s  a r e  r e q u e s t e d ,  t h e n  t h e  t w o  v a l u e s
m u s t  b e  s e p a r a t e d  e i t h e r  w i t h  a c o m m a  o r  a c a r r i a g e  r e t u r n ,  
i . e . .
0 . 1 6 , 0 . 2 3 < R E T U R N >
GEAR GEOMETRY PROGRAM.
0 . 1 6 < R E T U R N >  
0 . 2  3 < R E T U R N >
254
GEAR GEOMETRY PROGRAM.
6 . 1 .  C R E A T I N G  A  S E T  O F  D A T A .
T h e  f o l l o w i n g  d a t a  i s  r e q u i r e d  t o  e x e c u t e  t h e  p r o g r a m .
A s s  u m e  o n e  i s  g e n e r a t i n g  t h e  d a t a  f o r  t h e  f o l l o w i n g  e x  a mp  1 e , 
i n  o r d e r  t o  c a l c u l a t e  t h e  g e  o m e  t r y  f a c t o r s  f o r  p i t t i n g  
r e s i s t a n c e  ( I )  a n d  b e n d i n g  s t r e n g t h  ( J ) .
A n  e x i s t i n g  w h e e l  i s  t o  b e  m a t c h e d  w i t h  a n e w  p i n i o n  w h i l s t  
s t i l l  r e t a i n i n g  t h e  e x i s t i n g  c e n t r e  d i s t a n c e  o f  6 4 0  MM.
T h e  8 0  MM f a c e  w i d t h  w h e e l  h a s  8 9  t e e t h  o f  m o d u l e  1 0 ,  a n d  h a s  
b e e n  m a n u f a c t u r e d  w i t h  a n  I S O  5 3  c u t t e r .  T h e  m e a s u r e d  o u t s i d e  
d i a m e t e r  i s  1 0 4 5 . 0  M M , w h i l s t  t h e  m e a s u r e d  b a c k l a s h  i s  0 . 2 3  MM 
a n d  t h e  h e l i x  a n g l e  i s  3 0  d e g r e e s .  S p a n  g a u g e  d i m e n s i o n s  
i n d i c a t e  t h a t  t h e  w h e e l  h a s  n o  a d d e n d u m  m o d  i f i c a t i o n ,  w h i l s t  
t h e  p h y s i c a l  c o n d i t i o n  i s  e s t i m a t e d  t o  c o r r e s p o n d  t o  a n  A G M A  
Q u a l i t y  n u m b e r  o f  6 .
T h e  p r o p o s e d  n e w  p i n i o n  h a s  2 1  t e e t h  a n d  i s  t o  h a v e  a n  i n t e g e r  
o u t s i d e  d i a m e t e r .  T h e  p i n i o n  i s  t o  b e  m a n u f a c t u r e d  u t i l i s i n g  a 
n o n s t a n d a r d  c u t t e r  h a v i n g  t h e  f o l l o w i n g  d i m e n s i o n s ;  P H I C = 2 0 . 0 ,  
R T  = 3 M M , H A  = 1 1 . 2 5  MM a n d  H B  = 1 0  M M . T h e  a d d e n d u m  
m o d i f i c a t i o n  c o e f f i c i e n t  o f  t h e  p i n i o n  i s  m a n u a l l y  c a l c u l a t e d  
t o  b e  0 . 5 0 2 ,  w h i l s t  t h e  b a c k l a s h  i s  t o  b e  0 . 1 6  MM.  T h e  p i n i o n  
i s  t o  b e  m a n u f a c t u r e d  t o  t o l e r a n c e s  c o r r e s p o n d i n g  t o  a n  A G M A  
Q u a l i t y  n u m b e r  o f  8 .
F u l l  i t e r  a t i o n  a n d d i f f e r e n t  d e f a u l t n o mi  n zi 1 v a l u e s a r e t o
u s e d . B e f o r e p r o c e e d  i n g w  i t h  t h e  a n a l y s i s , c h e c k  wh e t h e r t
w h  e e 1 h a s  b e e n  t r u n c a t e d .
T h e  a b o v e  i n f o r m a t i i o n w o  u 1 d c r e a t e t h e  f o i l o w  i n g d a t a s e t
s c r e e n d i s p l a y s  a s i 1 l u s t r a t e d  i n  t h e  n e x t 2 0  s t e p s
D e m o n s t r a t i o n  d a t a s e t f o r h e 1 i c a 1 g e a r s  .
N P 2 1 N W 8 9 MN 1 0 . 0 0 0 P H I C 2 0  . 0 0 0
H A (  1 ) 1 1 . 2 5 0 H A (  2 ) 1 2 . 5 0 0 H B  ( 1 ) 1 0 . 0 0 0 H B  ( 2 ) 1 0  . 0 0 0
R T (  1 ) 3 . 0 0 0 R T  ( 2 ) 3 . 8 0 0 P S I S 3 0 . 0 0 0 F 8 0  . 0 0 0
X ( l ) . 5 0 2 X  ( 2 ) . 0 0 0 D L T A R O ( 1 ) . 0 0 0 D L T A R O ( 2 )  1 . 3 4 1
B N (  1 ) 0 . 1 6 0 B N  ( 2 ) 0 . 2 3 0 C N T R S . 0 0 0 R T E E T H 0
I C O D E 1 R O U G H 0 B U T T ( 1 ) 0 B U T T ( 2 ) 0
C l  R E F . 0 5 0 C U R E F . 2 5 0 C W R E F . 5 0 0 C T R E F 2 . 1 0 0




6 . 1 . 1 .  " t i t l e " g e a r  s e t  d e s c r i p t i o n .
A n  i d e n t i f y i n g  d e s c r i p t i o n  o f  t h e  g e a r  s e t  o f  u p  t o  6 8  
C H A R A C T E R S  m a y  b e  u s e d .  T e r m i n a t e  t h e  e n t r y  w i t h  t h e  < R E T U R N >  
key.
E x a m p l e  s c r e e n  d i s p l a y . ( U p  t o  6 8  C H A R A C T E R S  r e q u i r e d )
P L E A S E  E N T E R  T H E  T I T L E  F O R  T H I S  G E A R  S E T  
T I T L E  = D e m o n s t r a t i o n  d a t a  s e t  f o r  h e l i c a l  g e a r s . < R E T U R N >
- 255 -
6 . 1 . 2 .  " N P "  &  " N W "  N U M B E R  O F  T E E T H  O N  P I N I O N  A N D  W H E E L .
T h e  g e a r  s e t  c a n  o n l y  b e  o n e  o f  t w o  p o s s i b i l i t i e s ;  e i t h e r  i t  
i s  a p i n i o n  a n d  w h e e l  o r  a r a c k  a n d  p i n i o n .
E x  a m p l e  s c r e e n  d i s p l a y . ( A  O N E  C H A R A C T E R  v a l u e  r e q u i r e d )
I S  T H I S  A  R A C K  A N D  P I N I O N  G E A R  S E T  ?
( Y / N )  =  N < R E T U R N >
I f  a  p i n i o n  a n d  w h e e l  i s  b e i n g  d e s c r i b e d ,  t h e n  t h e  n u m b e r  o f  
t e e t h  o n  t h e  p i n i o n  a n d  w h e e l  i s  r e q u e s t e d ,  o t h e r w i s e  o n l y  t h e  
n u m b e r  o f  t e e t h  o n  t h e  p i n i o n  i s  r e q u i r e d .  S e e  S e c t i o n  7 .  
R A C K S  A  S P E C  I A L  C A S E  f o r  m o  r e  d e t a i l s  o n  r a c k  a n d  p i n i o n  g e a r  
s e t s .
C h e c k i n g  i s  p e r f o r m e d  t o  e n s u r e  o n l y  i n t e g e r  n u m b e r s  o f  t e e t h  
a r e  e n t e r e d  a n d  t h a t  t h e  n u m b e r  o f  t e e t h  o n  t h e  w h e e l  i s  n o t  
l e s s  t h a n  t h e  n u m b e r  o f  t e e t h  o n  t h e  p i n i o n .  T h e  r a n g e  o f  
p i n i o n  a n d  w h e e l  t e e t h  i s  f r o m  1 t o  1 0 0 0 0 0 ,  t h e  l a t t e r  b e i n g  
a u t o m a t i c a l l y  s e t  i f  t h e  " w h e e l "  i s  a r a c k .
I f  p o s s i b l e ,  i t  i s  s u g g e s t e d  t h a t  N W s h o u l d  n o t  b e  a n  i n t e g e r  
mu  1 t i p 1 e o f  N P .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  n u m b e r  o f  p i n i o n  t e e t h  i s  l e s s  
t h a n  1 0 .
A N  E R R O R  i s  g e n e r a t e d  i f  t h e  n u m b e r  o f  w h e e l  t e e t h  i s  l e s s  
t h a n  t h e  n u m b e r  o f  p i n i o n  t e e t h .
E x a m p l e  s c r e e n  d i s p l a y .  ( T w o  I N T E G E R  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  T E E T H  N U M B E R S
N U M B E R  O F  P I N I O N  T E E T H ,  N U M B E R  O F  W H E E L  T E E T H  
N P ,  NW  = 2 1 , 8  9 < R E T U R N >
GEAR GEOMETRY PROGRAM.
6 . 1 . 3 M N N O R M A L  M E T R I C  M O D U L E  O F  C U T T E R .
G e n e r a l l y ,  f i r s t  c h o i c e  n o r m a l  m e t r i c  m o d u l e s  o f  c u t t e r s  a r e  
a n  i n t e g e r  i n  t h e  n o r m a l  p l a n e .  S t r i c t l y  s p e a k i n g  t h e  t e r m  
m e t r i c  m o d u l e  r e f e r s  t o  t h e  t r a n s v e r s e  p l a n e .
C u t t e r s  w i t h  m e t r i c  m o d u l e s  s t a n d a r d i s e d  i n  t h e  t r a n s v e r s e  
p l a n e  a r e  v i r t u a l l y  u n k n o w n .  H o w e v e r ,  w h e n  a n a l y s i s i n g  
i m p e r i a l  g e a r s " ,  p a r t i c u l a r  a t t e n t i o n  m u s t  b e  p a i d  t o  t h e  t e r m  
d i a m e t r a l  p i t c h  ( D P ) .
B y  d e f i n i t i o n ,  t h e  d i a m e t r a l  p i t c h  i s  m e a s u r e d  i n  t h e  
t r a n s v e r s e  p l a n e ,  a n d  c u t t e r s  s u c h  a s  S Y K E S ,  h a v e  s t a n d a r d  
d i a m e t r a l  p i t c h e s  i n  t h e  T R A N S V E R S E  p l a n e ,  e . g .  a 3 . 5  D P  S Y K E S  
c u t t e r  c o r r e s p o n d s  t o  a n o r m a l  m e t r i c  m o d u l e  o f  6 . 2 8 4 8 7  MM i f  
t h e  h e l i x  a n g l e  i s  3 0  d e g r e e s .
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H o w e v e r ,  t h e  t e r m  d i a m e t r a l  p i t c h  i s  l i b e r a l l y  e m p l o y e d  w h e n  
r e f e r r i n g  t o  c u t t e r s  w h i c h  h a v e  b e e n  s t a n d a r d i s e d  i n  t h e  n o r m a l  
p l a n e ,  w h e r e  a s  t h e  c o r r e c t  t e r m i n o l o g y  s h o u l d  b e  t h e  n o r m a l  
d i a m e t r a l  p i t c h  ( P n ) .  e . g . .  a 3 . 5  n o r m a l  D P  c u t t e r  c o r r e s p o n d s
t o  a n o r m a l  m e t r i c  m o d u l e  o f  7 . 2 5 7 1 4  MM.
A s  t h e  n o r m a l  m e t r i c  m o d u l e  m u s t  b e  e n t e r e d  i n  MM,  t h e  u s e r  
s h o u l d  b e  c a r e f u l  t h a t  t h e y  a p p r e c i a t e ,  w h e t h e r  t h e  d i a m e t r a l  
p i t c h ,  o r  t h e  n o r m a l  d i a m e t r a l  p i t c h ,  i s  t o  b e  u t i l i s e d  i n  t h e  
m a n u f a c t u r i n g  p r o c e s s .
T h e  n o r m a l  m e t r i c  m o d u l e  i s  e n t e r e d  i n  N M . T h i s  i s  e q u i v a l e n t  
t o  2 5 . 4  / P n  ( N o r m a l  D i a m e t r a l  P i t c h ) .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  n o r m a l  m e t r i c  m o d u l e  o f  t h e  
c u t t e r  i s  l e s s  t h a n  1 . 0  o r  g r e a t e r  t h a n  5 0 . 0 .
E x  a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  N O R M A L  M E T R I C  M O D U L E  O F  T H E  C U T T E R  I N  M M . 
N O T E : -  N O R M A L  M E T R I C  M O D U L E  =  2 5 . 4  / P n  
P n  = N O R M A L  D I A M E T R A L  P I T C H  
M N  =  1 0 . 0 < R E T U R N >
GEAR GEOMETRY PROGRAM.
U S E  S T A N D A R D  I S O  5 3  C U T T E R .
I f  a s t a n d a r d  I S O  5 3  c u t t e r  
i s  u s e d  t h e n  t h e  v a l u e s  f o r  
c a l c u l a t e d  a s  f o l l o w s .
( a s  r e c o m m e n d e d  b y  A S  2 9 3 8 - 1 9 8 7 )  
t h e  c u t t e r  a r e  a u t o m a t i c a l l y
N o r m a l  p r e s s u r e a n g l e P H I C  = 2 0 . 0 D e  g r e e s
A d  d e n d urn o f  t h e c u t t i n g t o o l H A  = 1 . 2 5 * MN
D e d e n d u r n  o f  t h e c u t t i n g t o o l H B  = 1 . 0 0 * MN
R a  d i u s  o f  t h e  c u t t i n g t o o l R T  = 0 . 3 8 * MN
N o  t e : - I f  t h i s s o f t  w a r e  h a s  b e e n p u r c h a s e d  b y  a u s e r  w h  o
w i s h  t o h a v e  a c u t  t e r o t h e r  t h a n I S O 5 3  a s  t h e  s t a n d a r d ,
c o n t a c t E . H u  t t o n  o r R .  D a v e y  ( P h o n e 0 4 2 - 2 9 1 2 8 2 )
w o u  1 d 
p l e a s e
H o w e v e r ,  s p e c i f i e d  v a l u e s  m a y  b e  e n t e r e d .
Wh  e n  e n t e r i n g  v a l u e s  f o r  H A  &  H B , t h e  p r o c e e d i n g  c o mm e n t s i n  
r e g a r d  t o  t h e  t r a n s v e r s e  a n d  n o r m a l  p l a n e  a r e  a l s o  a p p l i c a b l e ;  
e . g .  I f  t h e  " S U N D E R L A N D "  p r o c e s s  i s  t o  b e  e m p l o y e d  f o r  t h e  
g e n e r a t i o n  o f  d o u b l e - h e l i c a l  g e a r s ,  a n d  t h e  c u t t e r  h a s  S Y K E S  
p r o p o r t i o n s  o f  " H A " = 1 . 1 5  a n d  " H B " = 0 . 8  w h e n  e x p r e s s e d  i n  t e r m s  
o f  u n i t  d i a m e t r a l  p i t c h ,  t h e n  t h e  n o m i n a l  t o o t h  d e p t h  w i l l  b e  
1 . 9 5 / d i a m e t r a  1 p i t c h .
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H o w e v e r ,  w h e n  e x p r e s s e d  i n  t e r m s  o f  t h e  n o r m a l  d i a m e t r a l  p i t c h  
a s  r e q u i r e d  b y  t h i s  p r o g r a m ,  H A  =  1 . 1 5  / C O S ( h e l i x  a n g l e )  a n d  
H B  =  0 . 8 / C O S ( h e  1 i x  a n g l e ) .  I f  t h e  c u t t e r  h a s  a 3 0  d e g r e e  h e l i x  
a n g l e ,  t h e  n o m i n a l  t o o t h  d e p t h  i s  2 . 2 5 1 7 / n o r m a 1 d i a m e t r a l  
p i t c h ,  w h i c h  i s  s i m i l a r  t o  t h e  2 . 2 5  * M N  f o r  a n  I S O  5 3  c u t t e r .  
I f  a p i n i o n  c u t t e r  i s  t o  b e  u t i l i s e d ,  t h e n  s p e c i a l i s e d  g e a r  
d e s i g n  k n o w l e d g e  a n d  a d d i t i o n a l  s o f t w a r e  t o  G E A R G E O M  i s  
r e q u i r e d ,  i . e .  A  S Y K E S  c u t t e r  w a s  o r i g i n a l l y  d e s i g n e d  a s  a 
p i n i o n  c u t t e r .  H o w e v e r ,  s o m e  m a n u f a c t u r e s  h a v e  a d a p t e d  t h e  
p r o p o r t i o n s  t o  s u i t  t h e i r  S U N D E R L A N D  g e a r  c u t t i n g  m a c h i n e s ,  
s u c h  t h a t  t h e r e  a r e  " S Y K E S "  r a c k  c u t t e r s  i n  e x i s t e n c e .
N o t e : -  D i f f e r e n t l y  p r o p o r t i o n e d  c u t t e r s  m a y  b e  u s e d  o n  t h e  
p i n i o n  a n d  w h e e l .  T h i s  i s  e s p e c i a l l y  a d v a n t a g e o u s  w h e n  
a n a l y s i n g  r a c k  a n d  p i n i o n  g e a r  s e t s .
E x a m p l e  s c r e e n  d i s p l a y . ( A  O N E  C H A R A C T E R  v a l u e  r e q u i r e d )
D O  Y O U  W I S H  T O  U S E  T H E  S T A N D A R D  I S O  5 3 C U T T E R  
A S  R E C O M V I E N D E D  B Y  T H E  A U S T R A L I A N  S T A N D A R D  A S 2 9 3 8 - 1 9 8 7  ?
( Y / N )  =  N < R E T U R N >
N o t e  : -  Q u e s t i o n s  4 ,  5 ,  6 a n d  7 w i l l  o n l y  b e  a s k e d  i f  t h e
a b o v e  a n s w e r  i s  N .
6 . 1 . 4 .  " P H I C "  N O R M A L  P R E S S U R E  A N G L E  O F  C U T T E R .
T h e  n o r m a l  p r e s s u r e  a n g l e  o f  t h e  c u t t e r  i s  e n t e r e d  i n  t h e  f o r m  
o f  D e g r e e s ,  m i n u t e s ,  s e c o n d s .  G e n e r a l l y ,  t h e  n o r m a l  p r e s s u r e  
a n g l e  o f  t h e  c u t t e r  w i l l  b e  a n  i n t e g e r  n u m b e r  o f  d e g r e e s .  
H o w e v e r ,  s o m e  c u t t e r s ,  s u c h  a s  t h e  S Y K E S ,  h a v e  p r e s s u r e  a n g l e s  
w h i c h  h a v e  b e e n  s t a n d a r d i s e d  i n  t h e  t r a n s v e r s e  p l a n e .  I f  t h e  
p r e s s u r e  a n g l e  i n  t h e  t r a n s v e r s e  p l a n e  i s  2 0  d e g r e e s ,  t h e n  t h e  
n o r m a l  p r e s s u r e  a n g l e  w o u l d  b e  1 7  d e g r e e s  2 9  m i n u t e s  4 3  
s e c o n d s ,  i f  t h e  h e l i x  a n g l e  w e r e  3 0  d e g r e e s .  T h e  n o r m a l  
p r e s s u r e  a n g l e  w o u l d  b e  e n t e r e d  a s  1 7 . 2 9 4 3 .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  n o r m a l  p r e s s u r e  a n g l e  i s  l e s s  
t h a n  1 4  D e g r e e s  3 0  M i n u t e s  o r  g r e a t e r  t h a n  2 5  D e g r e e s .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  N O R M A L  P R E S S U R E  A N G L E  O F  T H E  C U T T E R  
I N  D E G R E E S ,  M I N U T E S  &  S E C O N D S .
E . G .  A  p r e s s u r e  a n g l e  o f  1 7  D e g .  2 9  M i n .  4 3  S e c .  w o u l d  b e  
e n t e r e d  a s  1 7 . 2 9 4 3  
P H I C  =  2 0 . 0 0 0 0  < R E T U R N >
N O T E  F O R  S P E C I A L  C U T T E R S .
G E A R G E O M  o p e r a t e s  o n  t h e  p r e m i s e  o f  t h e  c u t t i n g  t o o l  b e i n g  
e q u i v a l e n t  t o  a c o u n t e r p a r t  r a c k ,  w h e r e  t h e  t o o t h  s p a c e  a t  




E n t e r  t h e  a c t u a l  a d d e n d a  o f  t h e  e q u i v a l e n t  c o u n t e r p a r t  r a c k s  t o  
b e  u s e d .  T h e  a d d e n d u m  o f  a c o u n t e r p a r t  r a c k  w i l l  c u t  t h e  d e d e n d u m  
o f  t h e  g e a r .  H A  w i l l  c o r r e s p o n d  t o  t h e  " d e d e n d a "  o f  t h e  a c t u a l  
c u t  t e  r  s e m p 1 o y e d .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  a d d e n d a  a r e  l e s s  t h a n  1 . 0  * MN  
o r  g r e a t e r  t h a n  1 . 2 5  * M N .
E x a m p l e  s c r e e n  d i  s p i  a y . ( T w o  R E A L  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  A D D E N D A  O F  S P E C I A L  C U T T E R S  I N  MM 
A D D E N D U M  O F  C U T T E R  F O R  P I N I O N ,  A D D E N D U M  O F  C U T T E R  F O R  W H E E L  
H A ( 1 ) ,  H A ( 2 )  =  1 1 . 2 5 , 1 2 . 5 < R E T U R N >
6 . 1 . 5 .  "HA" ADDENDA OF SPE C IA L CUTTERS.
6 . 1 . 6 .  " H B "  D E D E N D A  O F  S P E C I A L  C U T T E R S .
E n t e r  t h e  a c t u a l  d e d e n d a  o f  t h e  e q u i v a l e n t  c o u n t e r p a r t  r a c k s  t o  
b e  u s e d .  T h e  d e d e n d u m  o f  a c o u n t e r p a r t  r a c k  w i l l  c u t  t h e  a d d e n d u m  
o f  t h e  g e a r .  H B  c o r r e s p o n d s  t o  t h e  " a d d e n d a "  o f  t h e  b a s i c  r a c k s  
a n d  h e n c e  w i l l  b e  l e s s  t h a n  t h a t  o f  t h e  a c t u a l  c u t t e r s  e m p l o y e d .  
( R e f e r  F i g s .  B 1 ; B 2 ; B 3 ; B 5 ; B 6 ; B 7  &  B 8  o f  A G M A  2 1 8 . 0 1 )
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  d e d e n d a  a r e  l e s s  t h a n  0 . 8  * MN  
o r  g r e a t e r  t h a n  1 . 0  * M N .
E x a m p l e  s c r e e n  d i s p l a y . ( T w o  R E A L  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  D E D E N D A  O F  S P E C I A L  C U T T E R S  I N  MV!
D E D E N D U M  O F  C U T T E R  F O R  P I N I O N ,  D E D E N D U M  O F  C U T T E R  F O R  W H E E L  
H B ( 1 ) ,  H B ( 2 )  =  1 0 . 0 , 1 0 . 0 < R E T U R N >
6 . 1 . 7 .  " R T "  T I P  R A D I I  O F  S P E C I A L  C U T T E R S .
E n t e r  t h e  a c t u a l  t i p  r a d i i  o f  t h e  e q u i v a l e n t  c o u n t e r p a r t  r a c k s  
t o  b e  u s e d .  R T  w i l l  c o r r e s p o n d  t o  t h a t  o f  t h e  a c t u a l  c u t t e r s  
e m p 1 o y e d .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  t i p  r a d i u s  i s  l e s s  t h a n  
0 . 1  * M N .
A n  E R R O R  i s  g e n e r a t e d  i f  t h e  t i p  r a d i u s  i s  g r e a t e r  t h a n  
( 0 . 2 5  * P I  * MN  * C O S ( P H I C )  -  H A  * S I N ( P H I C )  ) /
( 1 . 0  -  S I N ( P H I C )  )
E x a m p l e  s c r e e n  d i s p l a y . ( T w o  R E A L  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  T I P  R A D I I  O F  S P E C I A L  C U T T E R S  I N  MM 
T I P  R A D I U S  O F  C U T T E R  F O R  P I N I O N ,  T I P  R A D I U S  O F  C U T T E R  F O R  
W H E E L
R T ( 1 ) ,  R T ( 2 )  =  3 . 0 , 3 . 8 < R E T U R N >
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A  g e a r  s e t  c a n  o n l y  b e  a s p u r  g e a r  s e t  o r  a h e l i c a l  g e a r  s e t .
E x a m p l e  s c r e e n  d i s p l a y .  ( A  O N E  C H A R A C T E R  v a l u e  r e q u i r e d )
I S  T H I S  A  S P U R  G E A R  S E T  ?
( Y / N )  =  N < R E T U R N >
I f  a h e l i c a l  g e a r  s e t  i s  b e i n g  d e s c r i b e d  t h e n  t h e  h e l i x  a n g l e  
a t  t h e  r e f e r e n c e  p i t c h  c i r c l e  d i a m e t e r  i s  r e q u e s t e d  i n  t h e  f o r m  
o f  D e g r e e s ,  M i n u t e s ,  S e c o n d s ,  e . g .  i f  t h e  h e l i x  a n g l e  i s  1 7  
D e g r e e s  2 9  M i n u t e s  4 3  S e c o n d s  t h e n  t h e  e n t r y  1 7 . 2 9 4 3  i s  u s e d .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  h e l i x  a n g l e  i s  l e s s  t h a n  5 
D e g r e e s  o r  g r e a t e r  t h a n  3 0  D e g r e e s .
A n  E R R O R  i s  g e n e r a t e d  i f  t h e  h e l i x  a n g l e  i s  g r e a t e r  t h a n  4 5  
D e g r e e s  o r  l e s s  t h a n  o r  e q u a l  t o  0 .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  H E L I X  A N G L E  I N  D E G R E E S ,  M I N U T E S  &  S E C O N D S .  
E . G .  A  h e l i x  a n g l e  o f  1 7  D e g .  2 9  M i n .  4 3  S e c .  w o u l d  b e  
e n t e r e d  a s  1 7 . 2 9 4 3  
P S I S  =  3 0 . 0 0 0 0  < R E T U R N >
N o t e : -  T h e  h e l i x  a n g l e  w i l l  o n l y  b e  a s k e d  f o r  i f  t h e  a b o v e  
a n s w e  r i s N  .
GEAR GEOMETRY PROGRAM.
6 . 1 . 8 .  " P S I S "  H ELIX ANGLE.
6 . 1 . 9 .  " F "  F A C E  W I D T H  O F  T H E  N A R R O W E S T  M E M B E R  O F  T H E  G E A R  S E T .  .
T h e  f a c e  w i d t h  o f  t h e  n a r r o w e s t  m e m b e r  o f  t h e  g e a r  s e t  i s  
e n t e r e d  i n  m i l l i m e t r e s .
A  W A R N I N G  i s  g e n e r a t e d  f o r  s p u r  g e a r s  i f  t h e  f a c e  w i d t h  i s  
l e s s  t h a n  5 * MN  o r  g r e a t e r  t h a n  1 0  * M N , a n d  f o r  h e l i c a l  g e a r s  
t h e W A R N I N G  i s  g e n e r a t e d  i f  t h e  f a c e  w i d t h  i s  l e s s  t h a n  
P I  * M N  / S I N ( P S I S )  o r  g r e a t e r  t h a n  2 0  * M N .
N o t e  F o r  h e r r i n g b o n e  a n d  d o u b l e  h e l i c a l  g e a r s  F  i s  t h e  
w i d t h  o f  o n e  h e l i x  o n l y .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  F A C E  W I D T H  O F  T H E  N A R R O W E S T  G E A R  I N  MM 
F  =  8 0 . 0 < R E T U R N >
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6 . 1 . 1 0 .  " X "  A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T S .
T h e  a d d e n d u m  m o d i f i c a t i o n  c o e f f i c i e n t s  f o r  t h e  p i n i o n  a n d  
w h e e l  a r e  e n t e r e d .
A  W A R N I N G  i s  g e n e r a t e d  i f  e i t h e r  o f  t h e  a d d e n d u m  m o d i f i c a t i o n  
c o e f f i c i e n t s  a r e  l e s s  t h a n  - 0 . 5  o r  g r e a t e r  t h a n  0 . 5 .
A  p o s i t i v e  c o e f f i c i e n t  w i l l  g e n e r a l l y  p r o d u c e  a n  e n l a r g e m e n t  
o f  t h e  g e a r ’ s d i m e n s i o n s ,  w h i l s t  a n e g a t i v e  c o e f f i c i e n t  w i l l  
g e n e r a l l y  p r o d u c e  a r e d u c t i o n  i n  t h e  g e a r  s d i m e n s i o n s .
E x  a m p  l e  s c r e e n  d i s p l a y . ( T w o  R E A L  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T  
A D D E N D U M  C O E F . P I N I O N ,  A D D E N D U M  C O E F . W H E E L  
X ( l ) ,  X (  2 )  =  0 . 5 0 2 , 0 . 0  < R E T U R N >
V e r i f i c a t i o n  i s  r e q u i r e d  b e c a u s e  t h e  a d d e n d  um mo  d i f  i c a t i o  n 
c o e f f i c i e n t  f o r  t h e  p i n i o n  e x c e e d s  a w a r n i n g  l i m i t  .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
W A R N I N G
E N T E R E D  A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T  F O R  P I N I O N  =  . 5  0 2  
C U S T O M A R Y  A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T  
B E T W E E N  - . 5 0 0  T O  . 5 0 0
P L E A S E  V E R I F Y  A D D E N D U M  C O E F .  F O R  T H E  P I N I O N  
X ( l )  =  0 . 5 0 2 < R E T U R N >
6 . 1 . 1 1 .  " D L T A R O "  T R U N C A T I O N  A P P L I E D  ( T O P P I N G ) .
T r u n c a t i o n  a p p l i e d  t o  e i t h e r  o f  t h e  g e a r s  i s  e n t e r e d  i n  
m i l l i m e t r e s .  P o s i t i v e  t r u n c a t i o n  w i l l  d e c r e a s e  t h e  o u t s i d e  
d i a m e t e r  o f  t h e  g e a r ,  w h i l s t  n e g a t i v e  t r u n c a t i o n  w i l l  i n c r e a s e  
t h e  o u t s i d e  d i a m e t e r  o f  t h e  g e a r .  I f  n e g a t i v e  t r u n c a t i o n  i s  
u s e d ,  s p e c i a l  a t t e n t i o n  m u s t  b e  d i r e c t e d  t o  t h e  c u t t e r  t o  
e n s u r e  t h a t  t h e r e  i s  s u f f i c i e n t  c l e a r a n c e  f o r  m a n u f a c t u r e .  T h e  
a c t u a l  d e d e n d u m  o f  t h e  c u t t e r  m u s t  b e  s u b s t a n t i a l l y  g r e a t e r  
t h a n  t h a t  o f  t h e  b a s i c  r a c k .  i . e .  f o r  a n  I S O  5 3  c u t t e r  
H B  >  1 . 0 0  * M N . +  D L T A R O
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  T r u n c a t i o n  a p p l i e d  i s  l e s s  t h a n  
0 . 0  o r  g r e a t e r  t h a n  0 . 5  * M N .
E x a m p l e  s c r e e n  d i s p l a y . ( T w o  R E A L  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  T R U N C A T I O N  A P P L I E D  I N  MM 
T R U N C A T I O N  O F  P I N I O N ,  T R U N C A T I O N  O F  W H E E L  
D L T A R O ( 1 ) ,  D L T A R O ( 2 )  = 0 . 0 , 1 . 3 4 1 < R E T U R N >
GEAR GEOMETRY PROGRAM.
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T h e  b a c k l a s h  a p p l i e d  t o  e i t h e r  t h e  p i n i o n  a n d / o r  w h e e l  i n  t h e  
n o r m a l  p l a n e  i s  e n t e r e d  i n  m i l l i m e t r e s .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  b a c k l a s h  i s  l e s s  t h a n  0 . 0  o r  
g r e a t e r  t h a n  0 . 1  * M N .
E x a m p l e  s c r e e n  d i s p l a y . ( T w o  R E A L  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  N O R M A L  B A C K L A S H  A P P L I E D  I N  MVi 
B A C K L A S H  O F  P I N I O N ,  B A C K L A S H  O F  W H E E L  
B N ( 1 ) ,  B N ( 2 )  =  0 . 1 6 , 0 . 2  3 < R E T U R N >
GEAR GEOMETRY PROGRAM.
6 . 1 . 1 2 .  "BN" NORMAL BACKLASH AP PLIED.
6 . 1 . 1 3 . I C O D E  T Y P E  O F  I T E R A T I O N .
t h a n  
1 " .
T h e  t y p e  o f  i t e r a t i o n  p e r f o r m e d  t o  s o l v e  t h e  i t e r a t i v e  s t e p s  
i n  t h e  a n a l y s i s  o f  t h e  e n t e r e d  g e a r  s e t  i s  c o n t r o l l e d  b y  t h i s  
v a r i a b l e .  A  0 w i l l  o n l y  i t e r a t e  t h r e e  t i m e s  t o w a r d s  t h e  
a n s w e r ,  w h i l s t  a 1 w i l l  c o n t i n u e  i t e r a t i o n s  u n t i l  t h e  
a b s o l u t e  d i f f e r e n c e  b e t w e e n  t w o  c o n s e c u t i v e  s t e p s  i s  l e s s  
0 . 0 0 0 0 0 0 0 1 .  T h e  o n l y  v a l u e s  a c c e p t e d  a r e  e i t h e r  " o"  o r  
H o w e v e r  i t  i s  s u g g e s t e d  t h a t  i f  t h e  s u m  o f  t h e  a d d e n d u m  
m o d i f i c a t i o n  c o e f f i c i e n t s  i s  n o t  z e r o ,  t h e n  I C O D E  =  1 s h o u l d  b e  
u s e d ,  s u c h  t h a t  t h e  o p e r a t i n g  t r a n s v e r s e  p r e s s u r e  a n g l e  m a y  b e  
a c c u r a t e l y  c a l c u l a t e d .  I f  a p r o b l e m  o c c u r s  w h e n  u s i n g  F U L L  
i t e r a t i o n  w h i l s t  a n a l y s i n g  r a c k s ,  t h e n  u s e  C O D E  i t e r a t i o n .
E x a m p l e  s c r e e n  d i s p l a y .  ( O n e  I N T E G E R  v a l u e  r e q u i r e d )
I T E R A T I O N  T Y P E  R E Q U I R E D
0 =  C O D E  I T E R A T I O N
1 =  F U L L  I T E R A T I O N
N . B .  F U L L  I T E R A T I O N  T O  0 . 0 0 0 0 0 0 0 1  
I C O D E  =  1 < R E T U R N >
6 . 1 . 1 4 . R O U G H A C C U R A T E  S P U R  G E A R S
T h e  v a r i a t i o n  i n  t h e  b a s e  p i t c h  b e t w e e n  t h e  p i n i o n  a n d  w h e e l ,  
d e t e r m i n e s  w h e t h e r  o r  n o t  l o a d  s h a r i n g  e x i s t s  i n  s t e e l  s p u r  
g e a r s .  B a s e  p i t c h  e r r o r s  i n  e x c e s s  o f  t h o s e  s h o w n  i n  T a b l e  2 o f  
A G M A  2 1 8 . 0 1  r e n d e r  s p u r  g e a r s  t o  b e  c l a s s i f i e d  a s  i n a c c u r a t e .  
I n a c c u r a t e  s p u r  g e a r s  a r e  a n a l y s e d  w i t h  t h e  l o a d  a p p l i e d  a t  t h e  
t o o t h  t i p ,  w h i s t  a c c u r a t e  s p u r  g e a r s  a r e  a n a l y s e d  w i t h  t h e  l o a d  
a p p l i e d  a t  t h e  h i g h e s t  p o i n t  o f  s i n g l e  t o o t h  c o n t a c t  ( H P S T C ) .
N o t e : -  T h i s  q u e s t i o n  w i l l  n o t  b e  a s k e d  i n  t h e  c u r r e n t  
d e m o n s t r a t i o n ,  b u t  h a d  t h i s  q u e s t i o n  b e e n  a s k e d  t h e n  t h e  
f o l l o w i n g  s c r e e n  w o u l d  h a v e  b e e n  d i s p 1 a y e d . ( O n e  I N T E G E R  v a l u e  
r e q u i  r e d )
A R E  T H E  S P U R  G E A R S  A C C U R A T E L Y  M A C H I N E D  ? ( 0 = Y E S ,  l = N O  )
R O U G H  =  0 < R E T U R N >
-  2 62 -
T h e  b u t t r e s s i n g  o f  a p i n i o n  i s  i n d i c a t e d  w i t h  a " l "  o r  n e g a t e d  
w i t h  a "o". I n  a c c o r d a n c e  w i t h  c l a u s e  6 . 3 . 2 . 3  o f  A G M A  2 1 8 . 0 1 ,  
t h e  h e l i c a l  f a c t o r  ( C H )  m a y  b e  i n c r e a s e d  b y  1 0  p e r c e n t  w h e r e  
f u l l  b u t t r e s s i n g  e x i s t s .  W h e n  t h e  f a c e  w i d t h  o f  t h e  p i n i o n  
e x c e e d s  t h a t  o f  t h e  w h e e l  b y  a t  l e a s e  t w o  s t a n d a r d  a d d e n d a  
( i . e .  2 . 0  * M N  f o r  a n  I S O  5 3  c u t t e r )  a n d  i s  s o  p o s i t i o n e d  t h a t
a t  l e a s t  o n e  s t a n d a r d  a d d e n d u m  p r o j e c t s  b e y o n d  e a c h  e x t r e m i t y  
o f  t h e  f a c e  w i d t h  o f  t h e  w h e e l ,  t h e n  t h e  p i n i o n  i s  s a i d  t o  b e  
f u l l y  b u t t r e s s e d  ( s e e  F i g  5 A G M A  2 1 8 . 0 1 ) .  T h i s  i n c r e a s e d  v a l u e  
o f  C H  i s  o n l y  a p p l i c a b l e  t o  c o n v e n t i o n a l  h e l i c a l  g e a r s .
I f  a h e l i c a l  g e a r  s e t  i s  b e i n g  d e s c r i b e d ,  a n d  
F  >  P I  * M N  / S I N ( P S I S )  t h e n  t h e s e  q u e s t i o n s  a r e  a s k e d .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  I N T E G E R  v a l u e  r e q u i r e d )
I S  T H E  P I N I O N  B U T T R E S S E D  ? ( 0 = N O ,  1 = Y E S )
B U T T ( 1 )  =  0 < R E T U R N >
E x a m p l e  s c r e e n  d i s p l a y .  ( O n e  I N T E G E R  v a l u e  r e q u i r e d )
I S  T H E  W H E E L  B U T T R E S S E D  ? ( 0 = N O ,  1 = Y E S )
B U T T ( 2 )  =  0 < R E T U R N >
GEAR GEOMETRY PROGRAM.
6 . 1 . 1 5 .  "BUTT" BUTTRESSING OF THE PINION AND WHEEL.
C H A N G I N G  D E F A U L T  N O M I N A L  V A L U E S
D u e  t o  t h e  u n i v e r s a l  n a t u r e  o f  t h e  p r o g r a m ,  g e a r  s e t s  c a n  b e  
a n a l y s e d  t h a t  a r e  o u t s i d e  t h e  b o u n d s  o f  " o r t h o d o x "  g e a r  d e s i g n  
p r a c t i c e .  T h e  p r o g r a m  a u t o m a t i c a l l y  i d e n t i f i e s ,  a n d  s u g g e s t s  
s o l u t i o n s  t o  f o u r  o f  t h e s e  p o t e n t i a l  e r r o r s .  N a m e l y  t h a t  o f  t i p  
t o  r o o t  f i l l e t  i n t e r f e r e n c e ,  i n s u f f i c i e n t  b o t t  o m c l e a r a n c e ,  
i n s u f f i c i e n t  t o p  l a n d  w i d t h  a n d  n o n  c o n j u g a t e  a c t i o n .  T h e  
d e f a u l t  v a l u e s  f o r  t h e s e  f o u r  c h e c k s  c a n  b e  c h a n g e d  t o  a l l o w  a 
p a r t i c u l a r  g e a r  s e t  t o  b e  a n a l y s e d .  H o w e v e r ,  t h e  u s e r  i s  w a r n e d  
t h a t  t h e  n o m i n a l  d e f a u l t  v a l u e s  h a v e  b e e n  s e t ,  b a s e d  o n  
t r a d i t i o n a l  g e a r  d e s i g n  p r a c t i c e  a n d  t h e y  s h o u l d  n o t  b e  c h a n g e d  
w i t h o u t  a t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  r a m i f i c a t i o n s .
E x a m p l e  s c r e e n  d i s p l a y . ( A  O N E  C H A R A C T E R  v a l u e  r e q u i r e d )
D O  Y O U  W I S H  T O  A L T E R  T H E  D E F A U L T  N O M I N A L  V A L U E S  F O R  ?
I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T  = 0 . 0 5
R O O T  C L E A R A N C E  C O E F F I C I E N T  = 0 . 2 5
T O P  L A N D  W I D T H  C O E F F I C I E N T  = 0 . 4 0
T O T A L  C O N T A C T  R A T I O  S P U R  =  1 . 3 0
H E L I C A L  = 1 . 5 0
( Y / N )  =  Y < R E T U R N >
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6 . 1 . 1 6 .  " C I R E F "  M I N I M U M  I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T .
N o m i n a l  m i n i m u m  v a l u e  =  0 . 0 5
T h e  i n v o l u t e  c l e a r a n c e  c o e f f i c i e n t  e n s u r e s  t h a t  t h e  t i p  o f  o n e  
g e a r  m e s h e s  w i t h  t h e  i n v o l u t e  o f  t h e  m a t i n g  g e a r  a n d  n o t  t h e  
t r o c h o i d a l  f i l l e t .  T h e  i n v o l u t e  c l e a r a n c e  c o e f f i c i e n t  i s  
i n f l u e n c e d  b y  a p p l i e d  t r u n c a t i o n ,  a d d e n d u m  m o d i f i c a t i o n  
c o e f f i c i e n t s  a n d  b a c k l a s h .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  n o m i n a t e d  i n v o l u t e  c l e a r a n c e  
c o e f f i c i e n t  i s  l e s s  t h a n  0 . 0 4  o r  g r e a t e r  t h a n  0 . 1 0 .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  M I N I M U M  I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T  
C U S T O M A R Y  N O M I N A L  V A L U E  =  0 . 0 5 0  
C I R E F  =  0 . 0 5 < R E T U R N >
6 . 1 . 1 7 .  " C U R E F "  M I N I M U M  R O O T  C L E A R A N C E  C O E F F I C I E N T .
N o m i n a l  m i n i m u m  v a l u e  =  0 . 2 5
T h e  r o o t  c l e a r a n c e  c o e f f i c i e n t  c o n t r o l s  t h e  c l e a r a n c e  b e t w e e n  
t h e  t i p  o f  o n e  g e a r  a n d  t h e  r o o t  o f  t h e  m a t i n g  g e a r .  T h e  r o o t  
c l e a r a n c e  c o e f f i c i e n t  i s  i n f l u e n c e d  b y  a p p l i e d  t r u n c a t i o n ,  
a d d e n d u m  m o d i f i c a t i o n  c o e f f i c i e n t s  a n d  b a c k l a s h .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  r o o t  n o m i n a t e d  c l e a r a n c e  
c o e f f i c i e n t  i s  l e s s  t h a n  0 . 2 0  o r  g r e a t e r  t h a n  0 . 3 0 .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  M I N I M U M  R O O T  C L E A R A N C E  C O E F F I C I E N T  
C U S T O M A R Y  N O M I N A L  V A L U E  = 0 . 2 5  
C U R E F  = 0 . 2  5 < R E T U R N >
6 . 1 . 1 8 .  " C W R E F "  M I N I M U M  T O P  L A N D  W I D T H  C O E F F I C I E N T .
N o m i n a l  m i n i m u m  v a l u e  = 0 . 4 0
T h e  t o p  l a n d  w i d t h  c o e f f i c i e n t  c o n t r o l s  t h e  w i d t h  o f  t h e  t o o t h  
a t  t h e  t i p  t o  e n s u r e  t h a t  t h e r e  i s  s u f f i c i e n t  t h i c k n e s s ;  
( c e r t a i n  c o m b i n a t i o n s  m a y  r e m o v e  t h e  t i p  a l t o g e t h e r  l e a v i n g  a 
" t r i a n g u l a r "  s h a p e d  t o o t h ) .  F o r  g e a r s  t h a t  a r e  t o  b e  s u r f a c e  
h e a t  t r e a t e d ,  t h e  t i p  t h i c k n e s s  s h o u l d  b e  i n c r e a s e d  i n  
c o n f o r m i t y  w i t h  g o o d  e n g i n e e r i n g  p r a c t i c e .  T h e  t o p  l a n d  w i d t h  
c o e f f i c i e n t  i s  i n f l u e n c e d  b y  a p p l i e d  t r u n c a t i o n ,  a d d e n d u m  
m o d  i f i c a t i o n  c o e f f i c i e n t s  a n d  b a c k l a s h .
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A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  n o m i n a t e d  t o p  l a n d  w i d t h  
c o e f f i c i e n t  i s  l e s s  t h a n  0 . 2 5  o r  g r e a t e r  t h a n  0 . 5 .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  M I N I M U M  T O P  L A N D  W I D T H  C O E F F I C I E N T  
C U S T O M A R Y  N O M I N A L  V A L U E  =  0 . 4  0 
C W R E F  =  0 . 5  0 < R E T U R N >
6 . 1 . 1 9 .  " C T R E F "  M I N I M U M  T O T A L  C O N T A C T  R A T I O .
N o m i n a l  m i n i m u m  v a l u e  e q u a l s  1 . 3  f o r  s p u r  g e a r s  a n d  1 . 5  f o r  
h e l i c a l  g e a r s .
T h e  c o n j u g a t e  o p e r a t i o n  o f  a t h e  g e a r  s e t  i s  o n l y  m a i n t a i n e d  
i f  t h e  v a l u e  c a l c u l a t e d  f o r  M T  i s  g r e a t e r  t h a n  u n i t y .
A  W A R N I N G  i s  g e n e r a t e d  f o r  s p u r  g e a r s  i f  t h e  n o m i n a t e d  t o t a l  
c o n t a c t  r a t i o  i s  l e s s  t h a n  1 . 2  o r  g r e a t e r  t h a n  1 . 7 .
A  W A R N I N G  i s  g e n e r a t e d  f o r  h e l i c a l  g e a r s  i f  t h e  t o t a l  c o n t a c t  
r a t i o  i s  l e s s  t h a n  1 . 4  o r  g r e a t e r  t h a n  4 . 0 .
E x a m p l e  s c r e e n  d i s p l a y . ( O n e  R E A L  v a l u e  r e q u i r e d )
P L E A S E  E N T E R  T H E  M I N I M U M  T O T A L  C O N T A C T  R A T I O .
C U S T O M A R Y  N O M I N A L  V A L U E  S P U R  = 1 . 3 ,  H E L I C A L  = 1 . 5  
C T R E F  = 2 . 1 < R E T U R N >
6 . 1 . 2 0 .  " Q V "  Q U A L I T Y  N U M B E R S .
N o m i n a l  v a l u e  = 6 .  .
T h e  q u a l i t y  n u m b e r s  o f  t h e  m a n u f a c t u r e d  g e a r s  a r e  r e q u i r e d  f o r  
d i s p l a y  i n  t h e  s p e c i f i c a t i o n  o f  t h e  g e a r  s e t ,  a n d  a r e  a l s o  
n e c e s s a r y  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  a l l o w a b l e  t r a n s m i t t e d  
p o w e r  r a t i n g  a s  p e r  A G M A  2 1 8 . 0 1 ,  s h o u l d  I R A T E  b e  u s e d  t o  
c o m p l e m e n t  G E A R G E Q M .
A  W A R N I N G  i s  g e n e r a t e d  i f  t h e  Q u a l i t y  n u m b e r  i s  l e s s  t h a n  6 o r  
g r e a t e r  t h a n  1 0 .
E x a m p l e  s c r e e n  d i s p l a y .  ( T w o  I N T E G E R  v a l u e s  r e q u i r e d )
P L E A S E  E N T E R  T H E  Q U A L I T Y  N U M B E R S  F O R  T H E  P I N I O N  A N D  W H E E L .  
N O M I N A L  V A L U E  = 6 
Q V ( 1 ) , Q V ( 2 )  =  8 , 6 < R E T U R N >
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6 . 2  R E T R I E V I N G  A  S T O R E D  S E T  O F  D A T A .
S e l e c t i n g  a " 2" f r o m  t h e  I N I T I A L  S E T  O F  D A T A  m e n u  e n t e r s  t h e  
R E T R I E V E  A N  E X I S T I N G  S E T  O F  D A T A  m o d e .
E x a m p l e  s c r e e n  d i s p l a y .  ( U p  t o  4 5  C H A R A C T E R S  r e q u i r e d )
GEAR GEOMETRY PROGRAM
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* G E A R  G E O M E T R Y  P R O G R A M  M O D E  R E T R I E V E  A N  E X I S T I N G  S E T  O F  D A T A  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
P L E A S E  E N T E R  F I L E  N A M E  O F  E X I S T I N G  S E T  O F  D A T A  
N A M E  =  E X A M P L E  1 . D A T < R E T U R N >
N O T E : -  T h e f  i 1 e n a m e  c a n c o n t a i n  a d r i v e  i d e n t i f  i e r ,
s u b d i  r e c t o r i e s n a m e  s a n d a f i l e  n a me . T h  i s  a l l o w s  f o r  s a v i n g  o r
r e t r i e v i n g f  i 1 e s f r o m  o t h e r  t h a n  t h e c u r r e n t d r i v e  a n d
d i r e c t o r y . R e f  e r t o  y o u r D O S  ma  n u a 1 f o r  m o  r e i n f o r m a t i o n  a b o u t
f i l e  n a m e  s a n d d i r e c t o r y p a t h s .
I f  t h e  s p e c i f i e d  f i l e  w a s  o p e n e d ,  t h e n  t h e  d a t a  i s  r e a d  f r o m  
t h e  f i l e  a n d  c o n t r o l  i s  p a s s e d  t o  t h e  S E L E C T E D  D A T A  m e n u  v i a  
t h e  E D I T  m o d e ,  o t h e r w i s e  t h e  f o l l o w i n g  w a r n i n g  i s  d i s p l a y e d  a n d  
c o n t r o l  r e t u r n e d  t o  t h e  I N I T I A L  S E T  O F  D A T A  m e n u .
W A R N I N G  = = >  F I L E  N A M E  D O E S N ’ T  E X I S T
6 . 3  S A V I N G  T H E  S E T  O F  D A T A .
S e l e c t i n g  a " 3 "  ( S A V E ) f  r  om  t h e  S E L E C T E D  S E T  O F  D A T A  m e  n u
e n t e r s  t h e  S A V E  D A T A  F I L E  m o d e .
E x a m p l e  s c r e e n  d i s p l a y .  ( M a x  4 5  D O S  F I L E  C H A R A C T E R S  a l l o w e d )
» * » * » * » * • * * » * * * * » « * * » » • » » * * » * * * » * * » * * * * * * * * * * * » » » * * * * » * » * * * * * * » * * » *  
*  *
* G E A R  G E O M E T R Y  P R O G R A M  M O D E  S A V E  D A T A  F I L E  *
» *
* F I L E  N A M E  =  . . . n o n e  . . . *
* » 
« « » * , « » * * * * * * * * * * * * * * * * » * * * * * * * * * * » * » * * * » » * » * » » * * * * * * * * * * * * * » » » * » * *
P L E A S E  E N T E R  F I L E  N A M E  T O  S A V E  D A T A  S E T  
F I L E  N A M E  =  D E M O 1 . D A T < R E T U R N >
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T h e  f i l e  s p e c i f i c a t i o n  c a n  c o n t  
s u b d i r e c t o r i e s  n a m e s  a n d  a f i l e  
a l l o w s  f o r  s a v i n g  o r  r e t r i e v i n g  
c u r r e n t  d r i v e  a n d  d i r e c t o r y .  I f  
a c c e s s e d ,  t h e n  t h e  d a t a  i s  w r i t  
s c r e e n  i s  d i s p l a y e d .  O t h e r w i s e  
i n f o r m i n g  t h e  u s e r  t h a t  t h e  f i l  
R E T U R N  t o  c o n t i n u e ,  t h e  u s e r  i s  
m e n u  a n d  t h e  f i l e  n a m e  w i l l  b e  
s u c c e s s f u l  .
a i n  a d r i v e  i d e n t i f i e r ,  
n a m e .  ( R e f e r  S e c t i o n  6 . 2 )  T h i s  
f i l e s  f r o m  o t h e r  t h a n  t h e  
t h e  s p e c i f i e d  f i l e  c a n  b e  
t e n  t o  d i s k ,  a n d  t h e  f o l l o w i n g  
a n  e r r o r  s c r e e n  i s  d i s p l a y e d  
e w a s  n o t  s a v e d .  A f t e r  p r e s s i n g  
r e t u r n e d  t o  t h e  S E L E C T E D  D A T A  
d i s p l a y e d  i f  t h e  s a v e  w a s
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* G E A R  G E O M E T R Y  P R O G R A M  M O D E  S A V E  D A T A  F I L E  *
* *
* F I L E  N A M E  =  E X A M P L E 1 . D A T  •
* «
* D A T A  F I L E  H A S  B E E N  S A V E D  *
*  * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
P r e s s  R E T U R N  t o  c o n t i n u e
6 . 4  A N A L Y S I N G  T H E  S E T  O F  D A T A .
S e l e c t i n g  a " 1 " ( A N A L Y S E )  f r o m  t h e  S E L E C T E D  D A T A  m e n u  e n t e r s  
t h e  a n a l y s i n g  d a t a  m o d e .
E x a m p l e  s c r e e n  d i s p l a y .  ( O n e  I N T E G E R  v a l u e  r e q u i r e d )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C A L C U L A T I O N  O F  T H E  G E O M E T R Y  F A C T O R S  F O R  P I T T I N G  R E S I S T A N C E  A N D  * 
B E N D I N G  S T R E N G T H  F O R  E X T E R N A L  S P U R  A N D  H E L I C A L  I N V O L U T E  G E A R  * 
T E E T H  W I T H O U T  P R O T U B E R A N C E  *
G E A R  G E O M E T R Y  P R O G R A M  M O D E  A N A L Y S E  G E A R  S E T  *
F I L E  N A M E  =  E X A M P  L E I  . D A T  *
P L E A S E  S E L E C T  D E S T I N A T I O N  O F  C A L C U L A T I O N S  *
1 = S C R E E N  *
2 =  P R I N T E R  *
3 =  F I L E  *
* * * » « • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S E L E C T  O P T I O N  = = >  1 < R E T U R N >
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T h e  r e s u l t s  o f  t h e  a n a l y s i s  c a n  b e  d i s p l a y e d  o n  t h e  s c r e e n ,  
s e n t  t o  t h e  p r i n t e r  o r  s t o r e d  o n  t o  a d i s k e t t e  o r  h a r d  d i s k .  A  
d r i v e ,  d i r e c t o r i e s  n a m e s  a n d  f i l e  n a m e  m a y  b e  s p e c i f i e d .  ( R e f e r  
S e c t i o n  6 . 3 )
N O T E  T h e  d e s t i n a t i o n  o f  t h e  c a l c u l a t i o n s  c a n  o n l y  b e  
d i r e c t e d  t o  o n e  l o c a t i o n  a t  a t i m e .  I t  i s  s u g g e s t e d  t h a t  t h e  
s c r e e n  b e  u s e d  u n t i l  a p r i n t e d  o u t p u t  i s  r e q u i r e d .  I f  a h a r d  
c o p y  o f  a p a r t i c u l a r  s c r e e n  i s  r e q u i r e d  t h e n  t h e  p r i n t  s c r e e n  
f u n c t i o n  c a n  b e  u t i l i s e d  ( W h i l e  h o l d i n g  d o w n  a < S H I F T >  k e y  
p r e s s  t h e  < P r t S c >  k e y ) ,  W h e n  y o u  r e q u i r e  a p r i n t e d  c o p y  o f  t h e  
a n a l y s i s ,  a n a l y s e  t h e  s e t  o f  d a t a  a g a i n  a n d  d i r e c t  t h e  o u t p u t  
t o  y o u r  p r i n t e r .
6 . 5  E D I T I N G  T H E  G E A R  S E T  D A T A .
A f t e r  c r e a t i n g  a s e t  o f  d a t a  o r  r e t r i e v i n g  a n  e x i s t i n g  s e t  o f  
d a t a  o r  s e l e c t i n g  o p t i o n  " 2 "  ( E D I T )  f r o m  t h e  S E L E C T E D  S E T  O F  
D A T A  m e n u ,  t h e  f o l l o w i n g  s c r e e n  i s  d i s p l a y e d .  V e r i f i c a t i o n  
a n d / o r  c o r r e c t i o n  o f  t h e  c u r r e n t  g e a r  s e t  d a t a  i s  t h e n  
p o s s i b l e .
N O T E A  r a c k  a n d  p i n i o n  t y p e  g e a r  s e t  c a n  n o t  b e  a l t e r e d  t o  a 
p i n i o n  a n d  w h e e l  t y p e  g e a r  s e t ,  o r  v i c e - v e r s a ,  i n  t h e  E D I T  
m o d e .  S i m i l a r l y ,  a h e l i c a l  g e a r  s e t  c a n t  b e  a l t e r e d  t o  a s p u r  
g e a r  s e t ,  o r  v i c e - v e r s a ,  i n  t h e  E D I T  m o d e .  T o  e f f e c t  t h e s e  
t y p e s  o f  c h a n g e s ,  y o u  w i l l  h a v e  t o  C R E A T E  a n e w  s e t  o f  d a t a .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* D e s c r i p t i o n  V a r i a b l e  P i
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 1 T I T L E  D e m o n s t r a t i o n  d a t a  s e t  f o r  h e l
* 2 N u m b e r  o f  t e e t h
* 3 N o r m a l  m e t r i c  m o d u l e  o f  c u t t e r  (M M )
* 4 N o r m a l  p r e s s u r e  a n g l e  o f  c u t t e r
* 5 A d d e n d a  o f  c u t t e r s  (M M )
* 6 D e d e n d a  o f  c u t t e r s  (M M )
* 7  T i p  r a d i i  o f  c u t t e r s  (M M )
* 8 H e l i x  a n g l e  a t  r e f e r e n c e  P C D
* 9 F a c e  w i d t h  o f  n a r r o w e s t  g e a r  (M M )
* 1 0  A d d e n d u m  m o d i f i c a t i o n  c o e f f i c i e n t s  
* 1 1  T r u n c a t i o n s  a p p l i e d  (M M )
* 1 2  N o r m a l  b a c k l a s h  o n  e a c h  g e a r  (M M )
* 1 3  C o d e  i t e r a t i o n  ( 0 = Y e s , l = N o )
* 1 4  A c c u r a t e  s p u r  g e a r  ( 0 = Y e s , l = N o )
* 1 5  B u t t r e s s i n g  ( l = Y e s , 0 = N o )
* 1 6  M i n i m u m  i n v o l u t e  c l e a r a n c e  c o e f f .
* 1 7  M i n i m u m  r o o t  c l e a r a n c e  c o e f f i c i e n t  
* 1 8  M i n i m u m  t o p  l a n d  w i d t h  c o e f f i c i e n t  
* 1 9  M i n i m u m  f o r  t o t a l  c o n t a c t  r a t i o
* 2 0  Q u a l i t y  n u m b e r s
* * * *
i c a 1 g e a r s  
N P ,  N W 
MN 
P H I C  
H A  
H B  
R T  
P S I S  
F 
X
D L T A R O  
B N  
I C O D E  
R O U G H  
B U T T  
C l  R E F  
C U R E F  
C W R E F  
C T R E F
Q V
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
10  
20  
1 1  
10  
3 
3 0  
8 0
n l o  n 
* * * *
21
.000 
D e g  
. 2 5 0  
. 0 0 0  
.000 
D e g  
.000 
. 5 0 2  
.000 




. 0 5 0  
. 2 5 0  
. 5 0 0  
. 1 0 0  
8
* * * * * * *
Wh  e e 1 
* * * * * * * * *
8 9
0 0
1 2  ,. 5 0 0
1 0 . 0 0 0
3 . 8 0 0
0 0
. 0 0 0
1 . 3 4 1
. 2 3 0
0
6 *
* * * * * * * * * * * * * * * * *




T o  a l t e r  a n y  d a t a ,  t y p e  t h e  n u m b e r  ( 1  t o  2 0 )  c o r r e s p o n d i n g  t o  
t h e  v a r i a b l e  t o  b e  a l t e r e d  a n d  p r e s s  t h e  E N T E R  k e y ,  t h e n  a n s w e r  
t h e  q u e s t i o n / s .  T h e  a b o v e  s c r e e n  w i l l  b e  r e d i s p l a y e d  w i t h  t h e  
a l t e r e d  d a t a .  C o n t i n u e  u n t i l  y o u  h a v e  f i n i s h e d  e d i t i n g ,  t h e n  
e n t e r  a z e r o  ( 0 )  a n d  p r e s s  t h e  R E T U R N  k e y .
W h e n  y o u  a r e  f a m i l i a r  w i t h  t h e  o p e r a t i o n  o f  G E A R G E O M , i t  m a y  b e  
q u i c k e r  t o  r e t r i e v e  a s t o r e d  d a t a  f i l e  ( S e c t i o n  6 . 2 )  a n d  u s e  t h e  
E D I T  m o d e ,  r a t h e r  t h a n  c r e a t e  a n e w  s e t  o f  d a t a  a s  d e t a i l e d  i n  
S e c t i o n  6 . 1 .  P l e a s e  r e f e r  t o  S e c t i o n  6 . 3 .
F r o m  a n  i n s p e c t i o n  o f  t h e  
d a t a  g e n e r a t e d  i n  S e c t i o n  
R a d i u s )  f o r  t h e  p i n i o n  i s  
i n t e g e r  o u t s i d e  d i a m e t e r ,  
b y  0 . 2 6 4  MM.
o u t p u t  o f  t h e  a n a l y s i s  f o r  t h e  s e t  o f  
6 . 1 ,  S T E P  6 i n d i c a t e s  t h a t  R 0  ( T i p  
1 3 6 . 2 6 4  MM.  I n  o r d e r  t o  o b t a i n  a n  
o n e  o p t i o n  i s  t o  t r u n c a t e  t h e  p i n i o n
S e l e c t i o n  o f  a * 2 "  ( E D I T )  f r o m  t h e  S E L E C T E D  S E T  O F  D A T A  m e n u  
e n t e r s  t h e  E D I T  m o d e  . S e l e c t i o n  o f  a n  " 1 1  " e n a b l e s  t h e  
t r u n c a t i o n  f o r  t h e  p i n i o n  a n d  w h e e l  t o  b e  c h a n g e d  f r o m  t h e i r  
e x i s t i n g  n u m e r i c a l  v a l u e s .
E x a m p l e  s c r e e n  d i s p l a y .  ( T w o  R E A L  v a l u e s  r e q u i r e d )
C U R R E N T  T R U N C A T I O N  A P P L I E D  I N  MM 
F O R  P I N I O N  A N D  W H E E L
D L T A R O ( 1 ) ,  D L T A R O ( 2 )  = 0 . 0 0 0 ,  1 . 3 4 1
P L E A S E  E N T E R  T H E  T R U N C A T I O N  A P P L I E D  I N  MVI 
T R U N C A T I O N  O F  P I N I O N ,  T R U N C A T I O N  O F  W H E E L  
D L T A R O ( 1 ) , D L T A R O ( 2 )  =  0 . 2 6 4 , 1 . 3 4 1 < R E T U R N >
T h e  E D I T  s c r e e n  i s  r e d i s p l a y e d ,  v e r i f y i n g  t h a t  t h e  t r u n c a t i o n  
h a s  b e e n  a l t e r e d .  S e l e c t i o n  o f  a " 0 " w i l l  l e a v e  t h e  E D I T  m o d e .
A n a l y s i n g  t h e  g e a r  s e t  a g a i n ,  w i l l  p r o d u c e  t h e  f o l l o w i n g  
o u t p u t  .
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G E A R  G E O M E T R Y  P R O G R A M  
6 . 6 .  P R I N T E D  O U T P U T  F O R  H E L I C A L  E X A M P L E .
G E A R  S E T  1 F U L L  I T E R A T I O N
D e m o n s t r a t i o n  d a t a  s e t  f o r  h e l i c a l  g e a r s .
G E O M E T R Y  F A C T O R - C O N V E N T I O N A L  H E L I C A L  G E A R S - A S 2 9 3 8 - 1 9 8 7  .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* S T P N A M E  * P I N I O N W H E E L
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
9 I N P  ,N W 2 1 8 9
9 N M N 1 0 . 0 0 0 1 0 . 0 0 0
P P H I C 2 0  O O ’ OO" 2 0  O O ’ OO"
U H A 1 1  . 2 5 0 1 2 . 5 0 0
T H B 1 0  . 0 0 0 1 0 . 0 0 0
R T 3 . 0 0 0 3 . 8 0 0
D P S I S 3 0  O O ’ OO" 3 0  O O ’ OO"
A F 8 0 . 0 0 0 8 0  . 0 0 0
T X . 5 0 2 . 0 0 0
A D L T A R O . 2 6 4 1 . 3 4 1
B N . 1 6 0 . 2 3 0
B U T T 0 0
Q V 8 6
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
U N I T «  D E S C R I P T I O N  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* N U M B E R  O F  T E E T H
MM * N O R M A L  M E T R I C  M O D U L E  
D E G *  N O R M A L  P R E S S U R E  A N G L E  
MVi * S T A N D A R D  A D D E N D U M  O F  T O O L  
MVi « S T A N D A R D  D E D E N D U M  O F  T O O L  
MVI * T I P  R A D I U S  O F  C U T T I N G  T O O L  
D E G *  H E L I X  A N G L E  A T  R E F  P C H  D I A .  
MM * N E T  F A C E  W I D T H
* A D D E N D U M  M O D I F . C O E F F  
MVi * T R U N C A T I O N  A P P L I E D  
MVi * B A C K L A S H  A P P L I E D
* B U T T R E S S I N G  ( 0 = N O ,  1 = Y E S )
* A G M A  3 9 0  Q U A L I T Y  N U M B E R
9 9 * 9 9 9 9 9 9 9 9 9 9 9 * 9 9 9 9 9 9 9 9 * 9 9 9 9 9 9 9 9 9
I N V O L U T E  G E A R  M A T H E M A T I C S
G E O M E T R Y  F A C T O R - C O N V E N T I O N A L  H E L I C A L  G E A R S - A S 2 9 3 8 - 1 9 8 7 .
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 * 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
• S T P N A M E  * P I N I O N W H E E L • U N I T D E S C R I P T I O N
* 6 A R S  * 1 2 1 . 2 4 4 5 1 3 . 8 4 2 MVi R E F E R E N C E  P I T C H  R A D I I
* 6 A S M A L L C * 1 . 9 7 4 2 . 5 0 0 MVi C U T T E R  T I P  R A D I I  C O N S T A N T
* 6 A R U  * 1 0 1 . 0 6 9 4 3 4 . 2 0 5 MVi U N D E R C U T  R A D I  I
* 6 A R R  * 1 1 4 . 7 9 4 5 0 1 . 0 2 6 MM R O O T  R A D I I
* 6 A N O NO U N D E R C U T  ( Y E S = R U > R R )
* 6 A B I G R F  * 1 1 7 . 2 5 2 5 0 4  . 1 2 4 MVi R A D I I  T O  T O P  O F  T R O C H O I D
* 6 R O  * 1 3 6  . 0 0 0 5 2 2 . 5 0 1 Mvi O R I G I N A L  T I P  R A D I  I
* 6 A R O M  * 1 4 1 . 0 4 3 5 2 3 . 5 9 7 MVi M A X  A L L O W  T I P  R A D I I
* 6 A C l  * . 2 9 9 . 0 8 1 MVI I N V O L U T E  C L E A R .  C O E F F I C I E N T
* 6 A NO NO T I P  I N T E R F E R .  ( Y E S = C I <  . 0 5 )
* 6 A C U  * . 2 7 1 . 2 9 7 MVi B O T T O M  C L E A R .  C O E F F I C I E N T S
* 6 A N O NO R O O T  I N T E R F E R . ( Y E S = C U <  . 2 5 )
* 6 A T S T  * 2 2 . 1 7 3 1 7  . 8 7 2 Mvi R E F  T R A N S V .  A R C  T O O T H  W I D T H
* 6 A P S I O  * 3 2  5 5  ’ 4 0  ’ 3 0  2 4 ’ 5 9  " D E G T I P  H E L I X  A N G L E S
* 6 A P H I O  « 3 4  4 3  ’ 4 1  " 2 4  5 7  ’ 3 1  " D E G T I P  T R A N S V .  P R E S S U R E  A N G L E S
* 6 A T O T  * 7 . 2 9 3 1 0 . 4 3 6 MVi T I P  T R A N S V .  A R C  T O O T H  W I D T H
* 6 A B E T A H  * 1 0 4 ’ 5 7  " 0 2 5  ’ 3 2 ’ D E G H A L F  T I P  T R A N S V E R S E  A N G L E S
* 6 A T O  * 6 . 1 2 1 8 . 9 9 9 MVi N O R M A L  T O P  L A N D  W I D T H S
* 6 A C W  * . 6 1 2 . 9 0 0 T O P  L A N D  W I D T H  C O E F F I C I E N T S
* 6 A N O N O L A N D  T O O  S M A L L  ( Y E S = C W <  . 5 0 )
* 6 A R M I D  * 1 2 6 . 6 2 6 5 1 3 . 3 1 2 Mvi R A D I I  T O  M I D  P O I N T  I N V O L U T E
* 6 A A N C  * 9 . 5 4 4 9 . 2 3 4 MM C H O R D A L  H E I G H T S  @  R M I D
* 6 A T N C  * 1 5 . 3 2 4 1 5 . 8 4 9 MVI C H O R D A L  W I D T H S  @  R M I D
* 6 A S P A N  * 1 1 1 . 0 2 1 1 2 1 . 8 4 0 MM S P A N  D I M E N S I O N
* 6 A S T E E T H * 4 . 0 0 0 4 . 0 0 0 O V E R  N U M B E R  O F  T E E T H
* 6 A F M I N  * 5 2 . 1 6 3 5 7 . 2 4 6 MM M I N  F A C E  W I D T H  F O R  S P A N  D I M
* 6 A E P S L O N * . 8 1 4 . 3 6 9 S L I D E / R O L L  R A T I O S
* 6 A M F  * 1 . 2 7 3 1 . 2 7 3 F A C E  C O N T A C T  R A T I O
* 6 A M P  * 1 . 1 8 0 1 . 1 8 0 T R A N S V E R S E  C O N T A C T  R A T I O
* 6 A M T  * 2 . 4 5 3 2 . 4 5 3 T O T A L  C O N T A C T  R A T I O
* 6 A N O N O N O N - C O N J U G A T E  A C T N ( M T < = 2 . 1 )
9 9 9 9 * * * * * * * * * 9 9 9 9 9 9 9 9 9 9 9 * 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 * * 9 9 9 9 9 9 9
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GEAR GEOMETRY PROGRAM
G E A R  S E T  1 F U L L  I T E R A T I O N
D E M O N S T R A T I O N  d a t a  s e t  f o r  h e l i c a l  g e a r s .
G E O M E T R Y  F A C T O R - C O N V E N T I O N A L  H E L I C A L  G E A R S - A S 2 9 3 8 - 1 9 8 7  .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* S T P * N A M E * P I N I O N * W H E E L « U N I T
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 1 * P H I S * 2 2  4 7  ’ 4 5 " * 2 2  4 7 * 4 5 " * D E G
* 2 * P H I T * 2 3  4 9 * 1 6 " 2 3  4 9 * 1 6 " * D E G
* 3 * C * 6 4 0 . 0 0 0 6 4 0 . 0 0 0 * MM
* 4 * R B * 1 1 1 . 7 7 3 4 7 3 . 7 0 6 * MM
* 5 * R * 1 2 2 . 1 8 2 5 1 7 . 8 1 8 * MM
* 6 * R 0 * 1 3 6 . 0 0 0 5 2 2  . 5 0 1 * MM
» 7 * M F * 1 . 2 7 3 1 . 2 7 3 *
* 8 * Z B * 1 1 . 3 3 9 1 1  . 3 3 9 * MM
* 8 * Z A * 2 8 . 1 3 0 2 8 . 1 3 0 * MM
* 9 * Z * 3 9 . 4 6 9 3 9 . 4 6 9 * MM
* 1 0 * Z C * - 1 0  . 4 2 0 - 1 0 . 4 2 0 * MM
* 1 1 * C X * 1 . 1 5 1 1 . 1 5 1 *
* 1 3 * P S I B * 2 8  0 1 * 2 8 " 2 8  0 1 * 2 8 " * D E G
* 1 4 * C P S I * 1 . 0 0 0 1 . 0 0 0 *
* 1 5 * C C * . 1 4 9 . 1 4 9 *
* 1 6 * L M I N * 1 0 3 . 4 5 2 1 0 3 . 4 5 2 * Mvl
* 1 7 * M N N * . 7 7 3 . 7 7 3 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 1 8 * I * . 2 2 2 . 2 2 2 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 1 9 * P S  I * 3 0  1 1 ’ 3 0  " 3 0  1 1 * 3 0 " * D E G
* 2 0 * P H I N * 2 0  5 3 * 1 3 " 2 0  5 3 * 1 3 " « D E G
* 2 1 * N E * 3 2 . 5 2 0 1 3 7 . 8 2 4 *
* 2 1 * R O E * 1 7 7 . 3 5 7 6 9 7 . 7 7 7 * MM
* 2 2 * B E T A * . 5 3 3 . 3 8 2 * R A D
* 2 2 * P H I L * . 5 1 5 . 3 7 5 * R A D
* 2 3 * L A M B A  I * . 2 6 2 . 2 6 2 * R A D
* 2 4 * K 1 * . 3 4 5 . 9 0 2 * MM
* 2 4 * K 2 * 1 . 4 0 5 1 . 5 0 6 * MM
* 2 4 * K 3 * 4 7 . 1 3 3 7 6 . 4 3 3 *
* 2 5 * K 4 » 1 . 1 9 1 1 . 2 3 4 *
* 2 5 * K 5 * 1 . 1 6 6 1 . 2 1 8 * R A D
* 2 5 * K 6 * 1 . 1 4 4 1 . 2 0 0 * R A D
* 2 5 * K 7 * 1 . 1 4 4 1 . 2 0 0 * R A D
* 2 5 * K 8 * . 1 3 3 . 0 5 6 * R A D
* 2 5 * K 9 * 1 . 1 3 3 2 . 8 7 0 * MM
* 2 6 * T E * 2 1 . 4 4 7 2 1 . 9 3 4 * MM
* 2 6 * H E * 1 7 . 7 2 6 1 6  . 8 2 6 * MM
* 2 7 * L A M B D A *  . 2 9 4 . 3 1 5 * R A D
* 2 8 * C H * 1 . 4 7 4 1 . 4 7 4 *
* 2 9 * K P S  I * . 7 4 9 . 7 4 9 *
* 3 0 * Y * . 6 1 6 . 6 0 4 *
* 3 1 * B * 7 . 3 8 8 1 6 . 7 9 2 * MM
* 3 1 * R F * 3 . 1 1 5 4 . 0 4 0 * MM
* 3 1 * H * . 1 7 3 . 1 7 3 *
* 3 1 * L * . 1 4 3 . 1 4 3 *
* 3 1 * M * . 4 5 9 . 4 5 9 *
* 3 1 * K F * 1 . 6 1 1 1 . 6 1 1 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D E S C R I P T I O N  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *
T R A N S V E R S E  P R E S S U R E  A N G L E  * 
O P E R A T I N G  T R A N S V .  P R E S S  A N G *  
O P E R A T I N G  C E N T R E  D I S T A N C E  * 
B A S E  R A D I I  * 
O P E R A T I N G  P I T C H  R A D I I  * 
T I P  R A D I I  * 
F A C E  C O N T A C T  R A T I O  * 
L E N G T H  O F  A P P R O A C H  P A T H  * 
L E N G T H  O F  R E C E S S  P A T H  * 
L E N G T H  O F  L I N E  O F  A C T I O N  * 
D I S T  S T R E S S  T O  P I T C H  P O I N T S *  
C O N T A C T  H E I G H T  F A C T O R  * 
B A S E  H E L I X  A N G L E  * 
H E L I C A L  O V E R L A P  F A C T O R  * 
C U R V A T U R E  F A C T O R  * 
M I N  L G H  O F  L I N E S  O F  C O N T A C T *  
L O A D  S H A R I N G  R A T I O  *
G E O M E T R Y  F A C T O R  -  P I T T I N G  * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *
O P E R A T  P I T C H  D I A  H E L I X  A N G  * 
O P E R A T I N G  N O R M A L  P R E S S  A N G  * 
V I R T U A L  N O .  O F  S P U R  T E E T H  * 
V I R T U A L  S P U R  T I P  R A D I I  » 
B A S E  &  T I P  R A D I I  I N C L D  A N G S * 
L O A D  A N G L E S  A T  T I P  * 
L A M B D A  -  I N I T I A L  V A L U E  * 
C O N S T A N T  -  K 1  * 
C O N S T A N T  -  K 2  * 
C O N S T A N T  -  K 3  * 
V A R I A B L E  -  K 4  * 
V A R I A B L E  -  K 5  * 
V A R I A B L E  -  K 6  * 
V A R I A B L E  -  K 7  * 
V A R I A B L E  -  K 8  * 
V A R I A B L E  -  K 9  * 
I N S C R I B E D  P A R A B O L A  -  W I D T H S *  
I N S C R I B E D  P A R A B O L A  -  H E I G H T *  
L A M B D A  -  F I N A L  V A L U E S  * 
H E L I C A L  F A C T O R  * 
H E L I X  A N G L E  F A C T O R  * 
T O O T H  F O R M  F A C T O R S  * 
O P E R A T I N G  D E D E N D A  * 
M I N I M U M  R O O T  F I L L E T  R A D I I  * 
D O L A N  -  B R O G H A M E R  F A C T O R  - I I *  
D O L A N  -  B R O G H A M E R  F A C T O R  - L *  
D O L A N  -  B R O G H A M E R  F A C T O R  - M *  
S T R E S S  C O N C E N T R A T I O N  F A C T O R *
, * * * * * * * * * * * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 3 2  * J * • 4 9 5 4 8 5 G E O M E T R Y  F A C T O R S  -  S T R E N G T H *
************************ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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GEAR GEOMETRY PROGRAM
G E A R  S E T  1 
D E M O N  S T R A T I O N  
T H E  F O L L O W I N G
F U L L  I T E R A T I O N  
d a t a  s e t  f o r  h e l i c a l  g e a r s .
T A B U L A T I O N  S H O U L D  B E  I N C L U D E D  O N  E N G I N E E R I N G  D R A W  I N G  S . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* C O N V E N T I O N A L  H E L I C A L  G E A R S  T O  A S 2 9 3 8 - 1 9 8 7 .  M O D I F I E D  A D D E N D A
H O B  O R  C O U N T E R P A R T  R A C K  D E T A I L S • U N I T  • P I N I O N W H E E L
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
N O R M A L  M O D U L E • MM • 1 0 . 0 0 0 1 0 . 0 0 0
N O R M A L  P R E S S U R E  A N G L E • D M S * 2 0  O O ’ OO" 2 0  0 0  ’ 0 0 "
T I P  R A D I  I * MM * 3 . 0 0 0 3 . 8 0 0
S T A N D A R D  A D D E N D A * MM • 1 1 . 2 5 0 1 2 . 5 0 0
S T A N D A R D  D E D E N D A • MM • 1 0 . 0 0 0 1 0 . 0 0 0
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D E S I G N  D E T A I L S • U N I T  * P I N I O N W H E E L
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
N U M B E R  O F  T E E T H * 2 1 8 9
H E L I X  A N G L E  A T  R E F E R E N C E  P C D DMS * 3 0  O O ’ OO" 3 0  O O ’ OO"
A D D E N D U M  M O D I F I C A T I O N  C O E F F I C I E N T S * . 5 0 2 . 0 0 0
R A D I A L  T O O T H  T R U N C A T I O N S  ( T O P P I N G ) MM * . 2 6 4 1 . 3 4 1
O P E R A T I N G  N O R M A L  P R E S S U R E  A N G L E DM S * 2 0  5 3 ’ 1 3  " 2 0  5 3  ’ 1 3  "
R E F E R E N C E  P I T C H  C I R C L E  D I A M E T E R S MM * 2 4 2 . 4 8 7 1 0 2 7 . 6 8 3
O P E R A T I N G  P I T C H  C I R C L E  D I A M E T E R S MM * 2 4 4 . 3 6 4 1 0 3 5 . 6 3 6
O P E R A T I N G  C E N T R E  D I S T A N C E MM * 6 4 0 . 0 0 0 6 4 0 . 0 0 0
O P E R A T I N G  A D D E N D A MM * 1 3 . 8 1 8 4 . 6 8 3
O P E R A T I N G  D E D E N D A MM * 7 . 3 8 8 1 6 . 7 9 2
A C T U A L  D E P T H  O F  T E E T H MM * 2 1 . 2 0 6 2 1 . 4 7 5
N O M I N A L  D E P T H  O F  T E E T H MM * 2 1 . 2 5 0 2 2 . 5 0 0
I N V O L U T E  C L E A R A N C E S MM * 2 . 9 8 7 . 8 0 6
B O T T O M  C L E A R A N C E S MM * 2 . 7 0 5 2 . 9 7 5
S L I D E / R O L L  R A T I O S * . 8 1 4 . 3 6 9
T O T A L  C O N T A C T  R A T I O * 2 . 4 5 3 2 . 4 5 3
G E O M E T R Y  F A C T O R  -  P I T T I N G * . 2 2 2 . 2 2 2
G E O M E T R Y  F A C T O R S  -  S T R E N G T H * . 4 9 5 . 4 8 5
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
M A C H I N I N G  D E T A I L S • U N I T * P I N I O N W H E E L
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Q U A L I T Y  N U M B E R S  ( A G M A  3 9 0 ) * 8 6
N O R M A L  T H I N N I N G  O F  T E E T H ( B A C K L A S H ) MM * . 1 6 0 . 2 3 0
O U T S I D E  D I A M E T E R S MM * 2 7 1 . 9 9 9 1 0 4 5 . 0 0 1
R O O T  D I A .  I N C L U D I N G  B A C K L A S H MM * 2 2 9 . 5 8 8 1 0 0 2 . 0 5 2
R A D I I  T O  M I D  P O I N T  O F  I N V O L U T E MM * 1 2 6 . 6 2 6 5 1 3 . 3 1 2
C H O R D I A L  H E I G H T S  @  R M I D MM * 9 . 5 4 4 9 . 2 3 4
C H O R D I A L  W I D T H S  @  R M I D MM * 1 5 . 3 2 4 1 5 . 8 4 9
S P A N  G A U G E  D I M E N S I O N S MM * 1 1 1 . 0 2 1 1 2 1 . 8 4 0
N U M B E R  O F  T E E T H  S P A N N E D * 4 4
T O P  L A N D  W I D T H S MM * 6 . 1 2 1 8 . 9 9 9
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
N O T E :  C H O R D A L  &  S P A N  D I M E N S I O N S  H A V E  B A C K L A S H  I N C O R P O R A T E D
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D E S I G N E R : D A T E  :
I l l  -
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7 .  R A C K S  -  A  S P E C I A L  C A S E .
A  r a c k  i s  a t o o t h e d  m e m b e r  w h i c h  m a y  b e  r e g a r d e d  a s  a p o r t i o n  
o f  a w h e e l  o f  i n f i n i t e  r a d i u s .
O n e  c o m m o n  e r r o r  i n  t h e  d e s i g n  o f  a r a c k  a n d  
o f  n o t  i n v e s t i g a t i n g  i n v o l u t e  c l e a r a n c e s .  I f  
w h e e l  t e e t h  i s  s e t  t o  1 0 0 , 0 0 0 ,  G E A R G E Q M  w i l l  
p i n i o n ,  t o  a d e g r e e  o f  a c c u r a c y  c o m m e n s u r a t e  
e q u a t i o n s  u n i q u e  t o  a r a c k  a n d  p i n i o n .
p i n i o n ,  i s  t h a t  
t h e  n u m b e  r o f  
a n a l y s e  a r a c k  a n d  
w i t h  t r a d i t i o n a l
T h e  a d v a n t a g e  o f  t h i s  t e c h n i q u e ,  
m a t h e m a t i c a l l y  m o d e l  t h e  r a c k  t o  
p r o c e s s ,  n o t i n g  t h a t  X ( 2 )  a l w a y s
i s  t h e  a b i l i t y  t o  
s u i t  t h e  m a n u f a c t u r i n g  
e q u a l s  z e r o .
H o w e v e r ,  t o  o b t a i n  m e a n i n g f u l  o u t p u t ,  t w o  a d d i t i o n a l  v a r i a b l e s  
m u s t  b e  d e f i n e d .  F i r s t l y ,  t h e  a c t u a l  n u m b e r  o f  t e e t h  t o  b e  c u t  
i n  t h e  r a c k ,  ( R T E E T H )  i s  e n t e r e d  a s  d a t a .  T h e  p r o g r a m  w i l l  
a u t o m a t i c a l l y  s e t  t h e  n u m b e r  o f  w h e e l  t e e t h  a s  1 0 0 , 0 0 0  f o r  t h e  
p u r p o s e  o f  a n a l y s i s .
S e c o n d l y ,  t h e  c e n t r e  d i s t a n c e "  b e t w e e n  t h e  r a c k  a n d  p i n i o n  
( C N T R S )  i s  a l s o  e n t e r e d  a s  d a t a .  W h i l s t  i n  t h e  o r t h o d o x  s e n s e ,  
c e n t r e  d i s t a n c e  c a n  n o t  b e  d e f i n e d  a s  o t h e r  t h a n  i n f i n i t y ,  
c o n t e m p l a t e  t h e  e x a m p l e  o f  a h y d r a u l i c  a c t u a t o r .  T r a d i t i o n a l l y ,  
t h e  r a c k  i s  p a r t  o f  t h e  h y d r a u l i c  p i s t o n ,  a n d  i n  t h i s  c a s e ,  t h e  
c e n t r e  d i s t a n c e  m a y  b e  d e f i n e d  a s ,  t h e  d i s t a n c e  b e t w e e n  t h e  
c e n t r e  o f  t h e  p i n i o n  a n d  t h e  c e n t r e  o f  t h e  h y d r a u l i c  c y l i n d e r .
7 . 1  A N  E X A M P L E .
C o n s i d e r  t h e  d e s i g n  o f  a s p u r  r a c k  t o  s u i t  a h y d r a u l i c  
a c t u a t o r .  T h e  p i n i o n  h a s  a n  o u t s i d e  d i a m e t e r  o f  3 7 6  MM,  1 6  
t e e t h ,  a n  a d d e n d u m  m o d i f i c a t i o n  o f  8 MM,  b a c k l a s h  o f  0 . 1 3 2  MM 
a n d  i s  2 3 5  MM w i d e .  T h e  p i n i o n  h a s  b e e n  m a n u f a c t u r e d  w i t h  a 2 0  
n o r m a l  m e t r i c  m o d u l e  I S O  5 3  c u t t e r ,  t o  t o l e r a n c e s  c o r r e s p o n d i n g  
t o  a n  A G M A  q u a l i t y  n u m b e r  o f  6 .
T h e  e l e v e n  t e e t h  o f  t h e  r a c k  a r e  t o  b e  c u t  o n  a m i l l i n g  
m a c h i n e ,  t o  t o l e r a n c e s  c o r r e s p o n d i n g  t o  a n  A G M A  q u a l i t y  n u m b e r  
o f  5 ,  a n d  t h e  b a c k l a s h  i s  t o  b e  0 . 5  MM.  T h e  m a x i m u m  f i l l e t  
r a d i u s  t h a t  c a n  b e  m i l l e d  i s  4 MM,  w h i l s t  t h e  d e p t h  o f  t h e  r a c k  
t e e t h  a r e  t o  b e  m i n i m i s e d ,  t o  a i d  m a n u f a c t u r i n g  c o s t .  T h e  
d i s t a n c e  b e t w e e n  t h e  c e n t r e  l i n e  o f  t h e  p i n i o n  a n d  t h e  c e n t r e  
l i n e  o f  t h e  h y d r a u l i c  c y l i n d e r  i s  2 0 0  MM.
A s  a f i r s t  a t t e m p t  s o l u t i o n  t o  t h e  p r o b l e m ,  i t  w o u l d  a p p e a r  
r e a s o n a b l e  t o  a s s u m e  I S O  5 3  r a c k  p r o p o r t i o n s  a n d  n o m i n a l  
d e f a u l t  v a l u e s .  T h e  f o l l o w i n g  d a t a  f i l e  i s  c r e a t e d  a n d  e n t e r e d ,  
f r o m  w h i c h  G E A R G E Q M  i n d i c a t e s  t h e  f o l l o w i n g ;
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D e m o n s t r a t i o n  d a t a  s e t  f o r  a r a c k  a n d  p
N P 1 6
H A ( 1 ) 2 5 . 0 0 0
R T (  1 ) 7 . 6 0 0
X ( l ) . 4 0 0
B N (  1 ) . 1 3 2
I C O D E 1
C l  R E F . 0 5 0
Q V ( 1 ) 6
N W 1 0 0 0 0 0
H A (  2 ) 2 5 . 0 0 0
R T ( 2 ) 4 . 0 0 0
X ( 2 ) . 0 0 0
B N (  2 ) . 5 0 0
R O U G H 0
C U R E F . 2 5 0
Q V  ( 2 ) 5
M N  2 0 .
H B ( 1 )  2 0 .
P S I S  .
D L T A R O ( 1 )  .
C N T R S  2 0 0 .  
B U T T ( 1 )
C W R E F  .
i n i o n  g e a r  s e t  
0 0 0  P H I C  2 0
0 0 0  H B ( 2 )  2 0
0 0 0  F  2 3 5
0 0 0  D L T A R O ( 2 )  
0 0 0  R T E E T H  
0 B U T T ( 2 )
4 0 0  C T R E F  1
0 0 0  
0 0 0  
0 0 0  
0 0 0  
1 1  
0
3 0 0
* N A M E  
* * * * * * * *
* D L T A R 3
* D L T A R 4
* D L T A R 5
* * * * * * * * * * * *
* P I N I O N  
* * * * * * * * * * * *
* . 0 0 0
* .000
* . 0 0 0
******* * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* W H E E L  * D E S C R I P T I O N  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 2 . 1 3 1  * T R U N C A T I O N  A P P L I E D  F O R  C l  *
* . 0 0 0  * T R U N C A T I O N  A P P L I E D  F O R  C U  *
* . 0 0 0  * T R U N C A T I O N  A P P L I E D  F O R  L A N D  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
T O  R E C T I F Y  R A D I A L  T O O T H  T R U N C A T I O N  I S  N E C E S S A R Y  
M I N I M U M  R A D I A L  T O O T H  T R U N C A T I O N  O F  P I N I O N  D L T A R O ( 1 )  = 
M I N I M U M  R A D I A L  T O O T H  T R U N C A T I O N  O F  W H E E L  D L T A R O ( 2 )  = 
T H E S E  M O D I F I C A T I O N S  Y I E L D  T H E  F O L L O W I N G  R E L A T I O N S H I P S .  
F A C E  C O N T A C T  R A T I O  M F  =  . 0 0 0
T R A N S V E R S E  C O N T A C T  R A T I O  M P  = 1 . 4 7 3
T O T A L  C O N T A C T  R A T I O  M T  =  1 . 4 7 3
P I N I O N  I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T  C I ( 1 )  = . 5 8 8
W H E E L  I N V O L U T E  C L E A R A N C E  C O E F F I C I E N T  C l ( 2 )  =  . 0 5 0
P I N I O N  B O T T O M  C L E A R A N C E  C O E F F I C I E N T  C U ( 1 )  =  . 3 6 6
W H E E L  B O T T O M  C L E A R A N C E  C O E F F I C I E N T  C U ( 2 )  = . 2 8 4
P I N I O N  T I P  W I D T H  C O E F F I C I E N T  C W ( 1 ) = . 4 5 3
W H E E L  T I P  W I D T H  C O E F F I C I E N T  C W ( 2 ) = . 8 9 5
.000
2 . 1 3 1
T h e  s u g g e s t e d  w h e e l  t r u n c a t i o n  o f  2 . 1 3 2  MM c a n  b e  r e d u c e d  t o  
2 . 0 0 0  MM o r  a l t e r n a t i v e l y ,  H B  c a n  b e  r e d u c e d  f r o m  2 0 . 0  t o  1 8 . 0  
MM.  T o  e n a b l e  t h e  a n a l y s i s  t o  p r o c e e d ,  C l R E F  w i l l  n e e d  t o  b e  
r e d u c e d  f r o m  0 . 0 5  t o  s a y  0 . 0 4 .
T h e  p r o c e d i  n g  t a b u l a t i o n  i n d i c a t e s  t h a t  t h e r e  i s  e x c e s s i v e  
i n v o l u t e  a n d  b o t t o m  c l e a r a n c e  o n  t h e  p i n i o n ,  i e .  t h e  r a c k  t e e t h  
c a n  b e  r e d u c e d  i n  h e i g h t ,  w h i c h  i s  i n  k e e p i n g  w i t h  m i n i m i s i n g  
t h e  a m o u n t  o f  m a c h i n i n g .
T h e  d e p t h  o f  t h e  r a c k  t e e t h  i s  c o n t r o l l e d  b y  t h e  v a r i a b l e  H A ,
p l u s  a n  a d d i t i o n a l  a m o u n t  d u e  t o  t h e  b a c k l a s h  o f
0 . 5  * B N  / T A N ( P H I C ) .  O n e  s o l u t i o n  i s  t o  r e d u c e  H A  b y  1 MM e g .
H A  =  2 5 . 0  -  1 . 0  -  0 . 5  * 0 . 5  / T A N ( 2 0 . 0 ) .  i e .  H A  =  2 3 . 3 1 3  
T o  e n a b l e  t h e  a n a l y s i s  t o  p r o c e e d ,  C U R E F  w i l l  n e e d  t o  b e  r e d u c e d  
f  r o m 0 . 2 5  t o  0 . 2 0 .
T h e  m o d i f i c a t i o n s  t o  H A  a n d  H B  y i e l d  a n  i n t e g e r  t o o t h  h e i g h t  
a s  s h o w n  i n  t h e  f o l l o w i n g  t a b u l a t i o n .
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W h e n  a r a c k  i s  r e p r e s e n t e d  b y  a w h e e l  o f  1 0 0 0 0 0  t e e t h ,  a n  
a p p r e c i a t i o n  o f  t h e  d e g r e e  o f  a c c u r a c y  o f  G E A R G E Q M  c a n  b e  
a s e r t a i n e d  b y  c o m p a r i n g  t h e  c o m p u t e d  v a l u e s  w i t h  t h o s e  o b t a i n e d  
f r o m  E u c l i d e a n  g e o m e t r y .  F o r  e x a m p l e ,  t h e  c h o r d a l  h e i g h t s  a n d  
w i d t h s  o b t a i n e d  f r o m  G E A R G E Q M  a r e  1 9 . 6 8 3  N M  a n d  3 2 . 1 4 1  MM 
r e s p e c t i v e l y ,  w h i l s t  t h e  a c t u a l  v a l u e s  a r e  1 9 . 6 8 4  N M  a n d  3 2 . 1 1 0  
M M  r e s p e c t  i v e l y .
D e m o n s t r a t i o n  d a t a  s e t  f o r  a r a c k  a n d  p i n i o n  g e a r  s e t .
N P 1 6 N W 1 0 0 0 0 0 MN 2 0 . 0 0 0 P H I C 2 0 . 0 0 0
H A ( 1 )  2 5 . 0 0 0 H A (  2 ) 2 3 . 3 1 3 H B  ( 1 ) 2 0 . 0 0 0 H B (  2 ) 1 8  . 0 0 0
R T  ( 1 ) 7 . 6 0 0 R T  ( 2 ) 4 . 0 0 0 P S I S . 0 0 0 F  2 3 5 . 0 0 0
X ( l ) . 4 0 0 X (  2 ) . 0 0 0 D L T A R O ( 1 ) . 0 0 0 D L T A R O ( 2 ) . 0 0 0
B N (  1 ) . 1 3 2 B N (  2 ) . 5 0 0 C N T R S 2 0 0 . 0 0 0 R T E E T H 1 1
I C O D E 1 R O U G H 0 B U T T ( 1 ) 0 B U T T ( 2 ) 0
C l  R E F . 0 4 0 C U R E F . 2 0 0 C W R E F . 4 0 0 C T R E F 1 . 3 0 0
Q V (  i  ) 6 Q V  ( 2 ) 5
N o t e : -  T h e  c a l c u l a t i o n s  f o r  t h e  s p a n  d i m e n s i o n s  o f  t h e  r a c k  a r e  
a u t o m a t i c a l l y  n e g a t e d .
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7 - 2 .  P R I N T E D  O U T P U T  F O R  R A C K  E X A M P L E .
G E A R  S E T  1 F U L L  I T E R A T I O N
D e m o n s t r a t i o n  d a t a  s e t  f o r  r a c k  a n d  p i n i o n  g e a r  s e t .  
G E O M E T R Y  F A C T O R  -  A C C U R A T E  S P U R  G E A R S  -  A S 2 9 3 8 - 1 9 8 7 .
* * * * * * » • * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S T P N A M E P I N I O N W H E E L U N I T * D E S C R I P T I O N
* * * • « » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I N P  , N W 1 6 1 0 0 0 0 0 * N U M B E R  O F  T E E T H
N M N 2 0 . 0 0 0 2 0 . 0 0 0 MVI * N O R M A L  M E T R I C  M O D U L E
P P H I C 2 0  0 0  ’ 0 0 " 2 0  0 0  ’ O O " D E G * N O R M A L  P R E S S U R E  A N G L E
U H A 2 5 . 0 0 0 2 3 . 3 1 3 MM * S T A N D A R D  A D D E N D U M  O F  T O O L
T H B 2 0 . 0 0 0 1 8  . 0 0 0 MM * S T A N D A R D  D E D E N D U M  O F  T O O L
R T 7 . 6 0 0 4 . 0 0 0 MM * T I P  R A D I U S  O F  C U T T I N G  T O O L
D P S I S 0 0 0  ’ 0 0  " 0 0 0  ’ 0 0  " D E G * H E L I X  A N G L E  A T  R E F  P C H  D I A .
A F 2 3 5 . 0 0 0 2 3 5 . 0 0 0 MM • N E T  F A C E  W I D T H
T X . 4 0 0 . 0 0 0 * A D D E N D U M  M O D I F . C O E F  F
A D L T A R O . 0 0 0 . 0 0 0 MM * T R U N C A T I O N  A P P L I E D
B N . 1 3 2 . 5 0 0 MM * B A C K L A S H  A P P L I E D
Q V 6 5 * A G M A  3 9 0  Q U A L I T Y  N U M B E R
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I N V O L U T E  G E A R  M A T H E M A T I C S
G E O M E T R Y  F A C T O R  -  A C C U R A T E  S P U R  G E A R S  -  A S 2 9 3 8 - 1 9 8 7 .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* S T P N A M E P I N I O N W H E E L • U N I T * D E S C R I P T I O N
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 6 A R S 1 6 0 . 0 0 0 1 0 0 0 0 0 0 . 0 0 0 MM • R E F E R E N C E  P I T C H  R A D I I
« 6 A S M A L L C 5 . 0 0 1 2 . 6 3 2 MM * C U T T E R  T I P  R A D I I  C O N S T A N T
* 6 A R U 1 3 6  . 2 8 3 8 8 3 0 1 9  . 5 8 3 MM • U N D E R C U T  R A D I  I
* 6 A R R 1 4 2 . 8 1 9 9 9 9 9 7 6 . 0 0 0 MM * R O O T  R A D I  I
« 6 A N O N O U N D E R C U T  ( Y E S = R U > R R )
* 6 A B I G R F 1 5 1 . 5 6 0 9 9 9 9 7 8 . 6 3 4 MM • R A D I I  T O  T O P  O F  T R O C H O I D
* 6 R O 1 8 8  . 0 0 0 1 0 0 0 0 1 8 . 0 0 0 MM * O R I G I N A L  T I P  R A D I  I
» 6 A R O M 2 0 5 . 8 4 3 1 0 0 0 0 2 0 . 1 8 3 MM * M A X  A L L O W  T I P  R A D I I
* 6 A C l . 4 7 4 . 0 4 7 MM * I N V O L U T E  C L E A R .  C O E F F I C I E N T
* 6 A N O N O T I P  I N T E R F E R .  ( Y E S = C I <  . 0 4 )
* 6 A C U . 3 5 9 . 2 0 0 MM » B O T T O M  C L E A R .  C O E F F I C I E N T S
» 6 A N O N O R O O T  I N T E R F E R . ( Y E S = C U <  . 2 0 )
* 6 A T S T 3 7 . 1 0 7 3 0 . 9 1 6 MM • R E F  T R A N S V .  A R C  T O O T H  W I D T H
* 6 A P S I O 0 0 0  ’ 0 0  " 0 0 0  ’ 00  " D E G * T I P  H E L I X  A N G L E S
* 6 A P H I O 3 6 5 3 * 4 2 " 2 0  0 0  ’ 1 0  " D E G * T I P  T R A N S V .  P R E S S U R E  A N G L E S
* 6 A T O T 9 . 0 6 9 1 7 . 8 1 2 MM * T I P  T R A N S V .  A R C  T O O T H  W I D T H
• 6 A B E T A H 1 2 2 * 5 5 " 0 0 0  ’ 0 2  " D E G * H A L F  T I P  T R A N S V E R S E  A N G L E S
* 6 A T O 9 . 0 6 9 1 7 . 8 1 2 MM * N O R M A L  T O P  L A N D  W I D T H S
» 6 A C W . 4 5 3 . 8 9 1 T O P  L A N D  W I D T H  C O E F F I C I E N T S
» 6 A N O N O L A N D  T O O  S M A L L  ( Y E S = C W <  . 4 0 )
« 6 A R M I D 1 6 9 . 7 8 0 9 9 9 9 9 8 . 3 1 7 MM * R A D I I  T O  M I D  P O I N T  I N V O L U T E
• 6 A A N C 1 8 . 8 9 8 1 9  . 6 8 3 MM * C H O R D A L  H E I G H T S  @  R M I D
» 6 A T N C 3 0 . 3 1 9 3 2 . 1 4 1 MM • C H O R D A L  W I D T H S  @  R M I D
« 6 A S P A N 1 5 7 . 4 2 9 . 0 0 0 MM * S P A N  D I M E N S I O N
* 6 A S T E E T H * 3 . 0 0 0 . 0 0 0 O V E R  N U M B E R  O F  T E E T H
* 6 A E P S L O N * 1 . 0 6 3 1 . 1 4 7 S L I D E / R O L L  R A T I O S
* 6 A M F . 0 0 0 . 0 0 0 F A C E  C O N T A C T  R A T I O
» 6 A M P 1 . 4 8 0 1 . 4 8 0 T R A N S V E R S E  C O N T A C T  R A T I O
* 6 A M T 1 . 4 8 0 1 . 4 8 0 T O T A L  C O N T A C T  R A T I O
* 6 A N O N O N O N - C O N J U G A T E  A C T N ( M T < = 1  . 3 )
* * * * » « « « » * * * * * * * * * * * * * * » * * « » * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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G E A R  S E T  l  F U L L  I T E R A T I O N
D e m o n s t r a t i o n  d a t a  s e t  f o r  r a c k  a nd p i n i o n  g e a r  s e t .  
G E O M E T R Y  F A C T O R  -  A C C U R A T E  S P U R  G E A R S  -  A S 2 9 3 8 - 1 9 8 7 .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* S T P * N A M E P I N I O N W H E E L U N I T * D E S C R I P T I O N
* * * * * * * » » * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4
» 1 P H I S 2 0  0 0  ’ 0 0  " 2 0  0 0  ’ 0 0  " D E G * T R A N S V E R S E  P R E S S U R E  A N G L E
* 2 P H I T 2 0  0 0  ’ 0 5  " 2 0  0 0  ’ 0 5  " D E G * O P E R A T I N G  T R A N S V .  P R E S S  A N G '
* 3 C  1 0 0 0 1 6 8 . 0 0 0 1 0 0 0 1 6 8 . 0 0 0 MM . O P E R A T I N G  C E N T R E  D I S T A N C E
* 4 R B 1 5 0 . 3 5 1 9 3 9 6 9 2  . 6 1 7 MVI * B A S E  R A D I  I .
* 5 R 1 6 0 . 0 0 1 1 0 0 0 0 0 7 . 9 9 9 MM * O P E R A T I N G  P I T C H  R A D I I  *
« 6 R 0 1 8 8  . 0 0 0 1 0 0 0 0 1 8 . 0 0 0 MM * T I P  R A D I  I »
* 7 M F . 0 0 0 . 0 0 0 F A C E  C O N T A C T  R A T I O  *
» 8 Z B 2 9  . 2 3 8 2 9 . 2 3 8 MVI * L E N G T H  O F  A P P R O A C H  P A T H  *
* 8 Z A 5 8 . 1 3 9 5 8 . 1 3 9 MM * L E N G T H  O F  R E C E S S  P A T H  *
* 9 Z 8 7 . 3 7 7 8 7 . 3 7 7 MM * L E N G T H  O F  L I N E  O F  A C T I O N  *
* 1 0 Z C . 9 0 4 . 9 0 4 MM * D I S T  S T R E S S  T O  P I T C H  P O I N T S *
* 1 1 C X . 9 8 3 . 9 8 3 C O N T A C T  H E I G H T  F A C T O R  *
* 1 3 P S I B 0 0 0  ’ 0 0  " 0 0 0  ’ 0 0  " D E G * B A S E  H E L I X  A N G L E  *
* 1 4 C P S I 1 . 0 0 0 1 . 0 0 0 H E L I C A L  O V E R L A P  F A C T O R  *
« 1 5 C C . 1 6 1 . 1 6 1 C U R V A T U R E  F A C T O R  *
« 1 6 L M I N 2 3 5 . 0 0 0 2 3 5 . 0 0 0 MM * M I N  L G H  O F  L I N E S  O F  C O N T A C T *
* 1 7 M N N 1 . 0 0 0 1 . 0 0 0 L O A D  S H A R I N G  R A T I O  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * S * * * * * » » * * * * * * * » * * » * * * » * » * » * * » * » » *
» 1 8 I . 1 5 8 . 1 5 8 G E O M E T R Y  F A C T O R  -  P I T T I N G  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * * » * * » » * » * * » * * * » » * * * * * *
* 1 9 P S I 0 0 0  ’ 0 0 " 0 0 0  ’ 0 0 " D E G * O P E R A T  P I T C H  D I A  H E L I X  A N G  *
* 2 0 P H I N 2 0  0 0  ’ 0 5  " 2 0  0 0  ’ 0 5  " D E G * O P E R A T I N G  N O R M A L  P R E S S  A N G  *
* 2 1 N E 1 6  . 0 0 0 1 0 0 0 0 0  . 0 0 0 V I R T U A L  N O .  O F  S P U R  T E E T H  *
* 2 1 R O E 1 8 8 . 0 0 0 1 0 0 0 0 1 8 . 0 0 0 MM * V I R T U A L  S P U R  T I P  R A D I I  *
* 2 2 B E T A . 6 4 4 . 3 4 9 R A D * B A S E  &  T I P  R A D I I  I N C L D  A N G S *
* 2 2 P H  I L N . 6 2 0 . 3 4 9 R A D * L O A D  A N G L E S  A T  T I P  .
* 2 2 P H I L . 4 3  1 . 3 4 9 R A D * L O A D  A N G L E S  A T  H P S T C  *
* 2 3 L A M B  A I . 3 4 9 . 3 4 9 R A D * L A M B D A  -  I N I T I A L  V A L U E  *
* 2 4 K 1 . 4 7 9 1 . 0 0 0 MM * C O N S T A N T  -  K 1  »
* 2 4 K 2 1 . 5 0 6 1 . 3 5 0 MM * C O N S T A N T  -  K 2  »
* 2 4 K 3 1 6 . 6 9 9 5 0 0 0 0 . 3 2 7 C O N S T A N T  -  K 3  *
* 2 5 K 4 . 9 1 6 1 . 1 4  1 V A R I A B L E  -  K 4  »
* 2 5 K 5 . 8 6 4 1 . 1 4  1 R A D * V A R I A B L E  -  K 5  *
* 2 5 K 6 . 8 4 8 1 . 1 4 1 R A D * V A R I A B L E  -  K 6  *
* 2 5 K 7 . 8 4 8 1 . 1 4 1 R A D * V A R I A B L E  -  K 7  *
* 2 5 K 8 . 2 5 6 . 0 0 0 R A D * V A R I A B L E  -  K 8  *
* 2 5 K 9 1 . 1 0 4 2 . 5 9 7 MM * V A R I A B L E  -  K 9  *
* 2 6 T E 4 1  . 6 4 2 4 6 . 7 1 4 MM * I N S C R I B E D  P A R A B O L A  -  W I D T H S *
* 2 6 H E 2 0 . 6 6 9 2 5 . 4 5 0 MM * I N S C R I B E D  P A R A B O L A  -  H E I G H T *
* 2 7 L A M B D A . 4 6 7 . 4 3 0 R A D * L A M B D A  -  F I N A L  V A L U E S  *
* 2 8 C H 1 . 0 0 0 1 . 0 0 0 H E L I C A L  F A C T O R  »
* 2 9 K P S I 1 . 0 0 0 1 . 0 0 0 H E L I X  A N G L E  F A C T O R  .
* 3 0 Y . 8 5 5 . 8 0 4 T O O T H  F O R M  F A C T O R S  *
* 3 1 B 1 7 . 1 8 3 3 1 . 9 9 9 MM * O  P E R A T I N G  D E D E N D A  .
* 3 1 R F 8 . 1 4 1 4 . 0 0 1 MM * M I N I M U M  R O O T  F I L L E T  R A D I I  *
* 3 1 H . 1 8 0 . 1 8 0 D O L A N  -  B R O G H A M E R  F A C T O R  - H *
* 3 1 L . 1 5 0 . 1 5 0 D O L A N  -  B R O G H A M E R  F A C T O R  - L *
* 3 1 M . 4 5 0 . 4 5 0 * D O L A N  -  B R O G H A M E R  F A C T O R  - M *
* 3 1 K F 1 . 9 3 1 2 . 0 8 0 * S T R E S S  C O N C E N T R A T I O N  F A C T O R *
* * * * * * » * » * * * » * * * * * * * * * * * * * » * * * * * » » » * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* 3 2  * J * . 4 4 3 . 3 8 7 * * G E O M E T R Y  F A C T O R S  -  S T R E N G T H *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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GEAR SET 1 FULL ITERATION
Demonstration data set for rack and pinion gear set.
THE FOLLOWING TABULATION SHOULD BE INCLUDED ON ENGINEERING DRAWINGS.
* * * * * * * * * s * 9 9 9 9 9 * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * * * * * * * * * * * * * s * * * * s * * s * *
ACCURATE SPUR GEARS TO AS2938-1987. MODIFIED ADDENDA 
HOB OR COUNTERPART RACK DETAILS
* * * * * * < * * t t * * * * * * * * * * * * * * * * * * * * * * * *
NORMAL MODULE 




* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
DESIGN DETAILS
* * t t * t t > * 9 * * t < t t t * « t t * * * * « * t t * t S * t *
NIMBER OF TEETH 
HELIX ANGLE AT REFERENCE PCD 
ADDENDUM MODIFICATION COEFFICIENTS 
RADIAL TOOTH TRUNCATIONS (TOPPING)
OPERATING NORMAL PRESSURE ANGLE 
REFERENCE PITCH CIRCLE DIAMETERS 
OPERATING PITCH CIRCLE DIAMETERS 
OPERATING CENTRE DISTANCE 
OPERATING ADDENDA 
OPERATING DEDENDA 
ACTUAL DEPTH OF TEETH 




TOTAL CONTACT RATIO 
GEOMETRY FACTOR - PITTING 
GEOMETRY FACTORS - STRENGTH
S « « t f S « S * t 9 S S S * S * S t * * * S « S t
MACHINING DETAILS
QUALITY NUMBERS (AGMA 39 0)
NORMAL THINNING OF TEETH(BACKLASH)
OUTSIDE DIAMETERS 
ROOT DIA. INCLUDING BACKLASH 
RADII TO MID POINT OF INVOLUTE 
CHORD IAL HEIGHTS @ RMID 
CHORD IAL WIDTHS @  RMID 
SPAN GAUGE DIMENSIONS 
NUMBER OF TEETH SPANNED 
TOP LAND WIDTHS
NOTE: CHORDAL & SPAN DIMENSIONS HAVE BACKLASH INCORPORATED
> 9 9 9 9 9 * 9 * * * » t * * » * * » * # * 9 « 9 * * # » * * t 9 * * » * * » * * * * * * * * * * * * < * * * * * * * *
U N I T  « P I N I O N « W H E E L
S S * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
M M  * 2 0 . 0 0 0 * 2 0 . 0 0 0
E M S  «
>ooooo
* 2 0  O O ’ O O "
MV!  • 7 . 6 0 0 * 4 . 0 0 0
m m  » 2 5 . 0 0 0 » 2 3 . 3 1 3
m i  « 2 0 . 0 0 0 » 1 8 . 0 0 0
* * * * * * ************ *************
U N I T  » P I N I O N » W H E E L
* * * * * * ************ *************
1 6 * 1 1
E M S  * o o o ’ o o " « o o o ’ o o “
. 4 0 0 » . 0 0 0
MM * . 0 0 0 » . 0 0 0
E M S  *
*oo©©o BoooooM»
MM » 3 2 0 . 0 0 0 * 6 3 . 9 9 9
MM » 3 2 0 . 0 0 3 » 7 9 . 9 9 7
m i  « 2 0 0 . 0 0 0 * 2 0 0 . 0 0 0
N M  » 2 7 . 9 9 9 » 1 0 . 0 0 1
MM » 1 7 . 1 8 3 » 3 1 . 9 9 9
MM » 4 5 . 1 8 1 * 4 2 . 0 0 0
MM » 4 5 . 0 0 0 * 4 1 . 3 1 3
MM » 9 . 4 8 1 * . 9 3 6
MM * 7 . 1 8 2 » 4 . 0 0 0
1 . 0 6 3 » 1 . 1 4 7
1 . 4 8 0 * 1 . 4 8 0
. 1 5 8 * . 1 5 8
. 4 4 3 » . 3 8 7
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
U N I T  « P I N I O N * W H E E L
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
6 * 5
MM * . 1 3 2 « . 5 0 0
MM « 3 7 6 . 0 0 0 » 99.999
MM » 2 8 5 . 6 3 7 » 1 6 . 0 0 0
MM * 1 6 9 . 7 8 0 * 3 0 . 3 1 7
MM » 1 8 . 8 9 8 » 1 9 . 6 8 3
MM * 3 0 . 3 1 9 * 3 2 . 1 4 1
MÆ * 1 5 7 . 4 2 9 * . 0 0 0
3 « 0
MM * 9 . 0 6 9 * 1 7 . 8 1 2
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * *
DESIGNER: DATE :
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G E A R  G E O M E T R Y  P R O G R A M  
8 .  R E C O M M E N D E D  D E S I G N  G U I D E L I N E S .
A c c e p t a b l e  d a t a  e n t r y  w i t h  o u t  w a r n i n g  m e s s a g e s .
1 .  T I T L E  G e a r  s e t  d e s c r i p t i o n
6 8 C H A R A C T E R S .
R a  c k &  p i n i o n
1 c h a r a c t e r  e i t h e r  " y " o r  " n "
2 .  N P , NW  N u m b e r  o f  p i n i o n ,  w h e e l  t e e t h
F o r  a P i n i o n  &  W h e e l  g e a r  s e t
a .  ) W a r n i n g  i f  N P  < 1 0
b .  ) E r r o r  i f  N W < N P
F o r  a R a c k  &  P i n i o n  g e a r  s e t
a .  ) W a r n i n g  i f  N P  <  1 0
b .  ) E r r o r  i f  R T E E T H  < 1
3 .  M N  N o r m a l  m e t r i c  m o d u l e
Wa  r n i n g  i f  MN  <  1 . 0  
W a r n i n g  i f  MN  >  5 0 . 0
U s e  t h e  s t a n d a r d  I S O  5 3  c u t t e r
1 c h a r a c t e r  e i t h e r  " y " o r  * N "
N o r m a l  p r e s s u r e  a n g l e  o f  c u t t e r  
W a r n i n g  i f  P H I C  <  1 4  D e g  3 0  M i n  
W a r n i n g  i f  P H I C  > 2 5  D e g
A d d e n d a  o f  s p e c i a l  c u t t e r s  
W a r n i n g  i f  H A  <  1 . 0 0  * MN 
W a r n i n g  i f  H A  > 1 . 2 5  * MN
D e d e n d a  o f  s p e c i a l  c u t t e r s  
W a r n i n g  i f  H B  < 0 . 8  * MN 
W a r n i n g  i f  H B  > 1 . 0  * MN
T i p  r a d i u s  o f  s p e c i a l  c u t t e r s  
Wa  r n i n g i f  R T  < 0 . 1  * MN 
E r r o r  i f  R T  >
( 0 . 2 5 * P I  * M N * C O S ( P H I C ) - H A *  S I N ( P H I C ) ) / ( 1 . 0 - S I N ( P H I C ) )
H e l i x  a n g l e  a t  r e f e r e n c e  P C D  
W a r n i n g  i f  P S I S  <  0 D e g .
W a r n i n g  i f  P S I S  > 3 0  D e g .
E r r o r  i f  P S I S  >  4 5  D e g .
F a c e  w i d t h  o f  n a r r o w e s t  g e a r  
S p u r  g e a r s
W a r n i n g  i f  F  <  5 * MN 
W a r n i n g  i f  F  >  1 0  * MN
4 .  P H I C
5 . H A
6 . H B
7 . R T
8 .  P S I S
9 . F
H e l i c a l  g e a r s
W a r n i n g  i f  F  <  P I  * MN / S I N ( P S I S )  
W a r n i n g  i f  F  > 2 0  » MN
279
GEAR GEOMETRY PROGRAM
10 X A d d e n d u m  m o d i f i c a t i o n  c o e f f i c i e n t  
W a r n i n g  i f  X  <  - 0 . 5  
Wa  r n i n g  i f  X  >  0 . 5
1 1 .  D L T A R O  T r u n c a t i o n  a p p l i e d
W a r n i n g  i f  D L T A R O  <  0 . 0
W a  r n i n g  i f D L T A R O  > 0 . 5 * MN
1 2 . B N B a c k l a s h  a p p 1 i e d
Wa  r n i n g  i f B N < 0 . 0
Wa  r n i n g  i f B N > 0 . 1 * MN
1 3 . I C O D E C o d  e i t e r a t i o n
O n e  I N T E G E R e i t h e r  a1 0 o r 1
1 4 . R O U G H A c  c u r a t e  s p u r g e a r s
1 c h a r a c t e r e i t h e r  " Y " o r " N "
1 5 . B U T T ( 1 ) B u  t t r e s s i n g o f p i n i o n
1 c h a r a c t e r e i t h e r  " y " o r " N "
B U T T ( 2 ) B u t t r e s s i n g o f w h  e e 1
1 c h a r a c t e r e i
. »
t h e r y " o r " N "
A l t e r  t h e  d e f a u l t  n o m i n a l  v a l u e s




C l  R E F Mi  n i mu m i n v o l u t e c l e a r a n c e  c o e l
Wa  r n i n g i f  C l R E F < 0 . 0 4
Wa  r n i n g i f  C l R E F > 0 . 1 0
C U R E F M i n i  mu m r o o t  c l e a r a n c e  c o e f f i c i
Wa  r n i n g i f  C U R E F < 0 . 2 0
Wa  r n i n g i f  C U R E F > 0 . 3 0
C W R E F M i n im u m t o p  l a n d c o e f f i c i e n t
Wa  r n i n g i f  C W R E F < 0 . 2 5
Wa  r n i n g i f C W R E F > 0 . 5 0
C T R E F M i n i  mu m t o t a l  c o n t a c t  r a t i o
S p u r  g e a r s
Wa  r n i n g i f  C T R E F < 1 . 2
Wa  r n i n g i f  C T R E F > 1 . 7
H e  1 i c a 1 g e a r s
Wa  r n i n g i f  C T R E F < 1 . 4
W a r n i n g i f  C T R E F > 4 . 0
Q V Q u a l i t y n u mb  e r s
Wa  r n i n g i f  Q V  < 6
Wa  r n i n g i f  Q V  > 1 0
w a  r n i n g ; l i m i t s a r e  s a f e g u a r d s  b u i l t  i
i o n  a n d e d i t  r o  u t i n e ,  t o e n s u r e  t h e  u s e
o  t h e  d a t a  f i l e  
h a s  e n t e r e d  t h e  
i n t e n d e d  v a l u e .  T h e  v a l u e  i s  d i s p l a y e d ,  t o g e t h e r  w i t h  t h e  
t r a d i t i o n a l  r a n g e  f o r  t h e  p a r t i c u l a r  v a r i a b l e  b e i n g  d e f i n e d .  I f  
t h e  s a m e  v a l u e  i s  c o n f i r m e d ,  i t  i s  a c c e p t e d .
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9 . S A M P L E  D A T A  E N T R Y  S H E E T .
I N P U T  D A T A  R e q u i r e d  f o r  G E A R G E O M . E X E  P r o g r a m .
1 .  T I T L E
R a c k  &  p i n i o n  Y e s / N o  :
2 .  N P , N W  N u m b e r  o f  t e e t h  P i n i o n  :
3 .  M N  N o r m a l  m e t r i c  m o d u l e  o f  c u t t e r  (M Vi) :
U s e  t h e  s t a n d a r d  I S O  5 3  c u t t e r  Y e s / N o  :
C n t r s  
Wh  e e 1
( i f  Y e s  g o  t o  8 )
N o t e : -  I S O  5 3  c u t t e r  d e f i n e d  a s  R T = 0 . 3 8 * M N ,  H A = 1 . 2 5 * M N ,  H B = M N , P H I C = 2 0 . 0  D e g
4 . P H I C N o  r m a 1 p r e s s u r e  a n g l e  o f  s p e c i a 1 c u t t e r  : D e  g M i n S e c
5 . H A A d  d e n d u m o  f s p e c i a l  c u t t e r (M M ) P i n i o n  : W h e e l  :
6 . H B D e  d e n  u m o  f s p e c i a l  c u t t e r (M M ) P i n i o n  : Wh  e e l  :
7 . R T T i p  r a d i u s o f  s p e c i a l  c u t t e r (M M ) P i n i o n  : Wh  e e l  :
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9 .  F  F a c e  w i d t h  o f  n a r r o w e s t  g e a r  (M M )
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_ D eg M i  n S e c
(M M ) P i n i o n  
(M M ) P i n i o n
1 3  . I C O D E C o d e  i t e r a t i o n ( 0 = Y e s , 1 = N o ) Y e s / N o
1 4  . R O U G H A c  c u r a t e s p u r  g e a r s  ( 0 = Y e s , l = N o ) Y e s / N o
1 5  . B U T T B u t  t r e s s i n g ( 1 = Y  e s , 0 = N o ) P i n i o n
C h a n g e  d e f a u l t  n o m i n a l  v a l u e s Y e s / N o
1 6  . C l  R E F M i n i  mu m i n v o l u t e c l e a r a n c e  c o e f f i c i e n t
1 7  . C U R E F M i n i  m u m r o o t  c l e a r a n c e  c o e f f i c i e n t
1 8  . C W R E F M i n i  mu m t o p  l a n d w i d t h  c o e f f i c i e n t
1 9  . C T R E F M i n i  mu m f o r  t o t a l c o n t a c t  r a t i o
2 0  . Q V Q u a l i t y n u mb  e r s P i n i o n
Wh  e e l  : 
Wh  e e l  : 
Wh  e e l  :
W h e e l  :
( i f  N o  g o  t o  2 0 )
___( N o m i n a l  0 . 0 5 )
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___ ( No r n  i n a i  0 . 4 0 )
. ( S p u r  1 . 3 0 )  
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Wh  e e 1
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GENERAL NOTES
• a l l  MOLES TO BE 0 12 mm UNLESS NOTED OTHERWISE.
PLAME CUT SURFACES TO BE UNIFORM l CLEAN BEFORE WELDING. 
WELDING SYMBOLS ARE TO AS 1101.
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METRIC GEAR DATA - MODIElEO ADDENDUM • AS BA I- h O X A l  -
ITEM X
A 73.64
B 73.0 FIRST MOTION SHAFT FOR GEAR SET ONE - ITEM  A 
FIRST MOTION SHAFT FOR GEAR SET TWO - ITEM  B
&  ALL OVER UN O CALI. HASS « 1 3 Kg.
é
J js
FIRST MOTION SHAFT FOR GEAR SET THREE - ITEM  C
ALL OVER UNO. CALC. HASS »  1,06 Kg.
DESCRIPTION
NUMBER Of TEETH 
REVS. PER MINUTE 
HELIX ANGLE (SIGMA)
NORMAL DIAHETRAL MOOULE 
TRANSVERSE DIAMETRAL MOOULE 
NORMAL CIRCULAR PITCH 
TRANSVERSE CIRCULAR PITCH 
AXIAL PiTCH
EFFECTIVE FACEWIDTH OF GEAR 
OVERLAP RATD 
NORMAL PRESS ANGLE OF CUTTER (DEGREES) 
TRANSVERSE PRESS ANGLE OF CUTTER (DEGREES) 
THEORETICAL PCD.
CORRECTION FACTORS KP KWICL43)
WHOLE DEPTH OF TOOTH 
ADDENDUM 11)
DEDENDUH (1)
TIP OR BUNK DIAMETER (2 )
NOHINAL ROOT DIAMETER 
THEORETICAL CENTRE DISTANCE 
RUNNING CENTRE DISTANCE 111ICL43B)
BOTTOM CLEARANCE 131 I 
PITCH LINE VELOCITY (M/MW.)
CUSS OF GEAR | CL. 1) I
BACKLASH TOOTH THINNING ON EACH GEARICL.4Í) 
CUTTER SETTING CORRECTION |
CONSTANT CHORD HEIGHT (A ) '
CONSTANT CHORD THICKNESS (All 
MATERIAL SPECIFICATIONS (APPENDIX A)
MIN TENSILE STRENGTH (MPa) |
MIN BRINELL N* (SURFACE) (BS.2AO)
MW. BRINELL FT (CORE) (BS2A0I I 
EOUIVALENi RUNNING THE I HRS/DAY)Id.« I  70) 
RATED CAPACITY STRENGTH ÍK.W.) (5 ItCLfrA) 
RATED CAPACITY WEAR ( K.W.115 KCL.6A I
-  fiCHT F ivO  HELIX
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METRIC GEAR DATA - MODIFIED AOOENDUM • AS.B.61 - SPUR GEARING
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REVS. PER MINUTE 
DIAMETRAL MOOULE 
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CORRECTION FACTORS 
WHOLE DEPTH OF TOOTH 
ADDENDUM (1 )
DEDENDUM I I )
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PITCH LINE VELOCITY!m/minl 
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BACKLASH TOOTH THNNING/ GEAR 
CUTTER SETTER CORRECTION 
CONSTANT CH3RO HEIGHT (4) 
CONSTANT CHORD THICKNESS ( A ) 
MATERIAL SPECIFICATIONS 
MINIMUH TENSILE STRENGTH (MPa) 
MINIMUM BRINELL N* (SURFACE) 
MINIMUM BRINELL N*-1 CORE)
EQUIV. RUNNING TIME (hr*./day) 
RATED CAPACITY STRENGTH (K.W)(5 
RATED CAPACITY WEAR (K.W) (5)|
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FIRST MOTION SHAFT FOR GEAR SET FOUR -IT E M  D
W a il  over u n o . calc.mass * 1 .0 3 K0
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-1—r
TOTAL CALC.MASS THIS DRG. -  0,047 TONNES 
FOR GENERAL NOTES. REFER ORG. 177 707
7-r
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1 C SHAFT * PINION EN8Q HELICAL _______ . f l y
1 B SHAFT -  PINION ENeo SPUR .  l H
1 A SHAFT -  PINION EN6Q SPUR .. iQ l
NO OFF ITEM DESCRIPTION -----  MATL REMARKS CAT NO
„ OPTIMUM DESIGN OF SPUR AND HELICAL 
3 GEARS TO BS ¿36  
l THESIS GEARBOX TEST RIG 
5 FIRST MOTION SHAFTS
3 WOLLONGONG UN IVERS ITY
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SECTION THROUGH KEYWAY 
ON SECTION C C
ITEM X Y DESCRIPTION
A 355.36 10.8 GEAR- SET ONE
B 357.0 10,8 GEAR-SET TWO
C 1B2.92 25.04 GEAR-SET THREE
0 «0.542 11.57 GEAR-SET FOUR
GEAR W H EEL • IT E M  A a s  drawnt noted 
GEAR W HEEL - IT E M  B a s  m a w n « noted 
GEAR W HEEL - I T E M  C a s  drawn t noted 
GEAR W HEEL - I T E M  D a s  drawn * noted
CALC.HASS« 10.0 Kg. 
CALC.HASS ° 10.0 Kg. 
CALC,MASS - 5.4 Ko. 
CALC. HASS = 3 6 Kg.
59,9«
DESCRIPTION 
NUHBER OF TEETH 
REVS. PER HINUTE 
HELIX ANGLE I SIGMA)
NORMAL DIAHETRAL HOOULE 
TRANSVERSE DIAMETRAL KDULE 
NORMAL CIRCULAR PITCH 
TRANSVERSE CIRCULAR PITCH 
AXIAL PITCH
EFFECTIVE FACEWID1H CF GEAR 
OVERLAP RATO 
NORMAL PRESS ANGLE OF CUTTER (DEGREES) 
TRANSVERSE PRESS. ANGLE OF CUTTER (DEGREES] 
THEORETICAL PCD.
CORRECTION FACTORS KP KWICL43)
WHOLE DEPTH OF TOOTH 
ADDENDUH 11)
DEDENDUH ID
TIP OR BLANK DIAMETER 12)
NOMINAL ROOT DIAMETER 
THEORETICAL CENTRE DISTANCE 
RUNNING CENTRE DISTANCE 111ICL.43B)
BOTTOM CLEARANCE 13) I
PITCH LINE VELOCITY (M/MW)
CUSS Of GEAR (CL 1) I
BACKLASH TOOTH THINNWG ON EACH GEARICL46I 
CUHER SETTING CORRECTION |
CONSTANT CHORD HEIGHT (4 )
CONSTANT CHORD THICKNESS 14 >1 
MATERIAL SPEOF1CATCNS (APPENDIX A)
MIN TENS HE STRENGTH (MPa I |
MW BRINELL N* (SURFACE) IBS.240I 
MW. BRINELL N* (CORE)(BS240) I 
EQUIVALENT RUNNING THE IHRS/OAY)ICL.i9 t  70) 
RATED CAPACITY STRENGTH (K.W.) (5)10.64) 
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METRIC GEAR DATA -  MODIFIEO ADDENDUM • AS.B.61 • SPUR GEARING
NUMBER OF TEETH 
REVS. PER MINUTE 
DIAMETRAL HOOULE 
PRESS. ANGLE OF CUTTER ( DEGREES) 
THEORETICAL PC.D.
CORRECTION FACTORS 
WHOLE DEPTH OF TOOTH 
ADDENDUH (1)
DEDENDUH (1 J 
TIP OR aANK DIAMETER (2) 
NOMNAL ROOT DlAFCTER 
THEORETICAL CENTRE DISTANCE 
RUNNING CENTRE DISTANCE (1) 
BOTTOM CLEARANCE (3 )
PITCH LINE VELOCITY I m/mn) 
a  ASS OF GEAR
BACKLASH TOOTH THFWING/ GEAR 
CUTTER SETTER CORRECTION 
CONSTANT CHORO HEIGHT (4) 
CONSTANT CHORD THICKNESS (4 )
Y
d « tm. D*Tm 
KP, KW (SEE CLAUSE 43)
H « 2,25m
a «(1* K P )» A »  (1 ♦ KW)« 
b .H -a  B «H -A  
j -  d* 2a J « D ♦ 2A 
i • d -  2b I » D -  2B 
C« 0 ,5 m lt»T)
(SEE CLAUSE 43b) 
t -  C -IJ* ¡1/ 2 « C -(I .j )/ 2  
y * Idn/1000 »  TDN/1000 
(SEE CUUSE 1) 
q «2 (r  trwm(T»60)/lO,000 * 0.02 5 4 
AP «  KPm AW .  KWm 
h » (1-0.125Tsin 2Y)n*8cbs* Y 
g • O.Smllcos* TI*  A sin 2T-q 
(SEE APPENOIX A)MATERIAL SPECIFICATIONS 
HINIMUM TENSILE STRENGTH (MPa)
MWIMUM BRINELL N*. (SURFACE) (SEE BS. 240)
MINIMUM BRINELL NMCORE) (SEE BS 240)
EQUIV. RUNNING TIME (hrx/day) GEE CUUSES 69 l 70) 
RATED CAPACITY STRENGTH (KV)( 51 (SEE CLAUSE 64) 
RATED CAPACITY WEAR [K.W).(5)| . (SEE CLAUSE 64)
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\l,5x45*CH. FOR OTHER DATA REFER DRAWING N»- 127704,
SECOND MOTION SH A FT FOR ALL GEAR SETS 
ITE M  E
1,\/ALL OVER ALL RADI! R1.5 . CALC,MASS »  4,0 Kg._
KEYWAY & BORE DETAILS
FOR ITEM E127 701 
FOR ITEM D127 701
S^S-SHEET
TOTAL CALC,MASS THIS PRO* 0,0484 TONNES 
FOR GENERAL NOTES REFER DRG. 127 707
4 E SHAFT EN8Q itJtt.i'to
1 D GEAR WHEEL EN8 SPUR _ t rt
1 C GEAR WHEEL EN8 HELICAL
1 B GEAR WHEEL EN 6 SPUR
1 A GEAR WHEEL ENfl SPUR
NO OFF ITEM DESCRIPTION ------ MAIL REMARKS ' CAT NO
§
1
OPTIMUM DESIGN OF SPUR AND HELICAL 
GEARS TO BS ¿36 -  










METRIC GEAR DATA- MODIFIED ADOENDUM - AS B61-HFUCAL -  LEFT HAND HELIX
- 292 -
CALC. HASS» 6.7 Kg 
CALE. HASS * 6,7 Kg.
357,00
■SECTION-A A
BEARING RETAINER-ITEM A -  a s  drawn 
BEARING RETAINER-ITEM B - opposite hand
DRILL 6 HOLES J* 9 
EÛUISRACED OH PC.Q
SECTION B B
calc, h a s s - 3,g Kg, BEARING RETAINER - ITEM C - a s  m a w n  ~  
CALC, HASS* 3,8 Kg. BEARING RETAINER • ITEM D -OPPOSITE HAND
ALL MATERIAL TO EE AS1204-250
COVER - ITEM
CALC. MASS * 3.7 Kg. RING RETAINER -ITEM E -AS DRAWN
CALC.MASS * 3 7 Kg. 3EARING RETA IN ER -ITEM F -OPPOSITE HANO













>S DRAWN CALC. HASS « 0,4 Kg, 
ITEM H -A S  NOTED CALC.HASS * 0.4 Kg.
CUT HERE IN ITEM K
JLSL
,/ \ "I El!t a a_____ I----- ui_J • ...
TOTAL CALC.HASS THIS DRG,* 0,0534 TONNES
GENERAL NOTfeS
ALL HOLES SHALL BE • 11mm UNLESS NOiED OTHERWISE. 
DIMENSIONS TO MACHINED SURFACES SHALL BE J 0,1 mm UNLESS 
OTHERWISE NOTED.
FINISH 1,8 Rd A a  OVER UNLESS NOTED OTHERWISE.
STRESS RELIEVE AT 550 -  600C BEFORE MACHINING.
KEYS 8 KEYWAYS SHALL BE IN ACCORDANCE WITH BS4235.
ALL SHARP EDGES SHALL BE REMOVED
ALL DIMENSIONS ARE IN MILLIMETRES UNLESS OTHERWISE NOTED 
ALL WELDING SHALL BE COMPLETED BEFORE MACHINING.
WELDING SYMBOLS ARE TO AS 1101.
ALL WELDING PREPARATION * PROCEDURES NOT SHOWN SHALL 
CONFORM TO AS 1554
1*51,85
u9>21 r.
COVER - ITE M  J -  AS DRAWN CALC,HASS« 10 Ka.
COVER - ITE M  K -  AS NOTED CAIC,HASS«1.0 Kg.
COVER ~ ITE M  L -  AS DRAWN CALC-MASS« 1.1 Kg.
COVER ~ ITE M  M -  AS NOTED  CALC. HASS« 1.1 Kg.'
SECTION D D
COVER * ITE M  N -A S  DRAWN CALC.HASS-
COVER - IT E M  P AS NOTED CALC.HASS 0,4 Kg.
2 P COVER AS1204 -250 ItJtt.tl-b
2 N COVER AS12O4-250 -111
2 M COVER AS1204-250 .T il
2 L COVER AS1204-250 -1IÛ
2 K COVER AS 1204 - 2 5 0 .IA*
2 J COVER AS 1204-250 .1oi
2 H COVER AS1204-250 -U5\
2 G COVER AS 1204- 250 .loi
1 F BEARING RETAINER AS 1204-250 -lOf
1 e BEARING RETAINER AS 1204-250 .IV X
1 D BEARING RETAINER AS 1204 -  2S0 .iA
1 C BEARING RETAINER AS 1204-250 .un
2 B BEARING RETAINER A Î 1204 - 250 -t o i  ,
2 A BEARING RETAINER AS 1204- 250 . I da
NO OFF ITEM DESCRIPTION ------ HATL REMARKS | CAT NO
I
OPTIMUM DESIGN OF SPUR AND HELICAL 
GEARS TO B S ¿36 
THESIS. GEARBOX JEST  RIG 








u T 1 I 1 I 1 I 1 I 1 I 1 I 1 I I T"6 0  to loo 1 2 0  1 «  1 6 0  leg 2 0 0  2 »
TYPC SECTION LENGTH
PL "0*50 396
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25 IJB SCREWED SOCKET (BLACK) 
DRILL f 25 THRl/ WEB ft 
FOR CRAIN HOLE
ALL HATERIAL TO BE AS1204-250
( 0  U Y ^m  ’Ì A Ì 7
u RND 6 DIA. 334 3
5  ( t y j j  
W ~ d F i
\ ß  , 
»6
— MARK DIPSTICK TO 
INDICATE HIGH 0«. LEVEL
RE SCREWED SOCKET 
_  JO.PL. ( BLACK -BOTH ENDS)
DIPSTICK-ITEM B
1;2 CALC. MASS * 0,5 Kg
TOTAL CALC.MASS THIS DRG. = 0,2088 TONNES
GENERAL NOTES '
ALL HOLES SHALL BE # H  mm UNLESS NOTED OTHERWISE. 
DIMENSIONS TO MACHINED SURFACES SHALL BE :  <D,1 mm UNLESS 
OTHERWISE NOTED.
FINISH 1,6 Ra ALL OVER UNLESS NOTED OTHERWISE.
STRESS RELIEVE AT 550 -  600'C BEFORE MACHINING.
KEYS & KeYWAYS SHALL BE IN ACCORDANCE WITH BS4235.
ALL SHARP EDGES SHALL BE REMOVED.
ALL DIMENSIONS ARE IN MILLIMETRES UNLESS OTHERWISE NOTED. 
ALL WELDING SHALL BE COMPLETED BEFORE MACHINING.
WELDING SYMBOLS ARE TO AS1W1.
ALL WELDING PREPARATION t PROCEDURES NOT SHOWN SHALL 
CONFORM TO AS 1554 .
REFERENCE DRAWINGS
127 701 -  ARRANGEMENT-SHEET 1




























3 B I DIPSTICK AS1204-250 11 Jill-Hi
1 A GEARBOX A li
NO OFF ITEM DESCRIPTION -----  MATL REMARKS CAT NO
(
n OPTIMUM DESIGN OF SPUR AND HELICAL 
5 GEARS TO BS436 
5 THESIS GEARBOX TEST RIG 
\ GEARBOX DETAILS S H t2 o f4
’ WOLLONGONG UNIVERSITY
DRN CHKD SCALE I 
V.2 4 1:5 IREF DRG1 1LH
d e h P SD EV^ CPE
DATE MAY 80 f
NOTE DIAfS E t  F TO BE BORED AFTER ASSEMBLY 
OF ITEMS A,B,C,O.E 4F 127 706
T..■>... I"' '




PL 80 *50 293I 80 x 50 292
' . 150 x 1 2 557
150 x 12 153450 CRS
PL 150 x 12 408
133PL 150 x 1 2no PL 45
PL 60 « 12 172
208 x 10 :
PL . 5
70 x io 213PLPL 35 * 10
PL 60 « 6 2
PL 60 x 6
30 x 3 30PL
H 25 DIA
20 HOLES *14










4 - 4 ~ 1 4 - - 4 - a
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C O V E R -IT E M  A
NOTE
THIS COVER TO MATCH PROFILE OF 
ITEMS A t  B 127 706
A
CALC. MASS = 7, A Kg. P A C K E R -ITE M  D
\ ' 
■ X ;s J-
. i
1 . Î]
; 1-■  J
CALC. MASS * 0,9 Kg.
4 HOLE S 4 12
CALC.MASS z 3,7 Kg. 
CALC. MASS *3,7 Kg.
0
4 t t 
t +
2 HOLES *22
P A C K E R -IT E M  C




P A C K E R -IT E M  E
1:2 CALC.MASS* 1,3 Kg.
312 CRS.
4 4
4- ,  4
JL .
fIGTE
ITEM B TO MATCH PROFLE OF ITEMS C,D 127 706 
ITEM G TO MATCH PRO F U  OF ITEMS E, F, 127 7Û6
PACKER - ITE M  F
1 :2  CALC. MASS * 1,2 Kg.
SECTION C
r
TYPE SECTION LENGTHi ri
ALL MATERIAL TO BE AS1204-2S0
9 PL 128 * 12 150 2
b PL 41 * 12 150 6
c PL 150 * 10 254 2
d PL 150 * 10 150 2
e PL 97 * 10 150 4
f PL 35 * 10 97 8
9 PL 60 «  8 172 8
h PL 100* 6 520 6
j PL 170 * 5 200 4
k PL 108* 4 344 3
l PL 190* 3 376 4
m PL 100 * 3 180 4
n PL 74 * 3 535 2
p PL 74 * 3 255 2
' GENERAL NOTES
• ALL HOLES TO BE * H  mm UNLESS NOTED OTHERWISE.
t FLAME CUT SURFACES TO BE UNIFORM t CLEAN BEFORE WELDING.
• WELDING SYMBOLS ARE TO AS 1101.
• ALL FLLET WELDS ARE TO BE 3 mm UNLESS NOTED OTHERWISE.
• ALL WELDING l WELD PREPARATION NOT DETAILED FOR STRUCTURAL 
MEMBER TO BE TO AS 1554.
• ALL. DIMENSIONS ARE IN MILLIMETRES UNLESS NOTED OTHERWISE.
TOTAL CALC. MASS THIS ORG. « 0,0547 TONNES
REFERENCE DRAWINGS
127 702 -  ARRANGEMENT-SHEET 2
1 G COVER AS1204-250 i t  J «  _l l i
3 F PACKER AS1204-250 . i n
4 E PACKER AS1204-250 JLLÙ .
8 a PACKER AS1204 -250 -U'l
8 c FACKER AS1204-250 n4,
1 B COVER AS1204-250 _in
2 A COVER AS 1204-250 A IL
NO OFF ITEM DESCRIPTION —  MATL REMARKS CAT NO
„ OPTIMUM DESIGN OF SPUR AND HELICAL 
| GEARS TO BS ¿36  
g THESIS GEARBOX TEST RIG 
H GEARBOX DETAILS ■ SHT.3of4
= WOLLONGONG UN IVERSITY
DRN CHKD SCALE
™  I................................................  .......REF Dfi(j TLH
DE'CP SDE ÎU W S t
DATE MAY 80 r I27 7 08
u
■7 I I I r
180 200 220 240
412 CRS.





















1 1 1 1
i
11
! . * 80 1
* 89,9589.90
ALL MATERIAL TO BE AS1204- 250
SPACER -IT E M  J
1:1 CALC. MASS »  0,2 Kg.
M/
1 , 5 » CH.
| v
^ _____4 52*00______  i
51,98






■°] l U 6 _
2̂ -T
51.90 l
SPACER - ITE M  K
1:1 CAUC. MASS * 0,1 Kg.
S E C T I O N C C
calc. « a s s . o. « k & BEARING H O U S IN G -ITE M  E -  
cAic.MAss--o.6Kg. BEARING HOUSING - ITE M  F -
n c A D i M r  u n n c i N i r  .  T T C M  a ... BEARING HOUSING - ITE M  C -  AS ORAWN CALC.MASS-1.4
i . 1  P bA K IN b  H U U b lN b -  i l h M  A -  as d r a w n -CALC.MASs -is K a H - p c  . u n n c i M r — t -t i t m  n ----------------------------------------------------------------
—  R P A R i w r ;  u n n c i M n  -  t t c m  d  . .   .................. . B E A R I N G  H O U S I N G  -  I T E M  D -  as noted__________________________ calc.m ass - u
REFERENCE DRAWINGS
127 702 -  ARRANGEMENT -  SHEET 2
TOTAL CALC, MASS THIS DRG.- 0,0164 TONNES
GENERAL NOTES
ALL HOLES SHALL BE «  11 mm UNLESS NOTED OTHERWISE. 
DIMENSIONS TO MACHINED SURFACES SHALL BE I  mm UNLESS 
OTHERWISE NOTED.
FINISH 3,2 Ra ALL OVER UNLESS NOTED OTHERWISE.
STRESS RELIEVE AT 550 -  600*0 BEFORE MACHINING.
KEYS * KEYWAYS SHALL BE IN ACCORDANCE WITH B54235.
ALL SHARP EDGES SHALL BE REMOVED.
ALL DIMENSIONS ARE IN MILLIMETRES UNLESS OTHERWISE NOTED 
ALL WELDING SHALL BE COMPLETED BEFORE MACHINING.
WELDING SYMBOLS ARE TO AS 1101.
ALL WELDINO PREPARATION * PROCEDURES NOT SHOWN SHALL 
CONFORM TO AS 1554 .
CALC, MASS * 0,6 Kg. BEARING H O U S IN G -IT E M  G -
2 M GASKET 150 - 2-634 CORK It lt t .V W
2 L GASKET 150 -2 * 44 0 CORK -15?
4 K SPACER AS1204 -  2 50 .'ll!
4 J SPACER 4S1204 -  2S0 — J-U
2 H BEARING HOUSING AS1204-250 no
2 G BEARNG HOUSING AS1204-2S0 .LlR
2 F BEARING HOUSING AS1204 -  250 .Lift
2 E BEARING HOUSING AS1204-25C -111
2 □ BEARING HOUSING AS1204-250 AlL
2 C BEARING HOUSING AS1204 -  2 5 0 -LLÇ
2 B BEARING HOUSING AS1204-250 -L IA
2 A BEARING HOUSING AS1204 - 250 _____J 1 Î
NO OFF ITEM DESCRIPTION ---  MATL REMARKS ( CAT NO
I
OPTIMUM DESIGN OF SPUR AND HEL ICAL  
G EARS.TO  B S  ¿36  
TH ES IS  GEARBOX TEST RIG 
GEARBOX DETAILS SHT.4of4




j:1 t H2 IREF DRG
DE«£P SDE 'JAJ coé yr-
•» DATE MAY 80 '
CALC, MASS -0 .6  Kg. BEARING HOUSING“ ITE M  H -  AS NOTED 2 7 7 0 9
u i  1 i 1 i 1 r20 40 60 80 I » I 1 | 1 i" ] r'T140 160 180 200 720
TYPE SECTION LENGTH
RNO 140 DIA 54
RNO 100 DIA 4810 100 OIA ’


















¿ armour gear box
DFC NÎ 127701
















ARRANGEMENT 1 DETAILS RESISTOR BANKS
ARRANGEMENT SH. 1
ARRANGEMENT SH 2
GEAR BCX SUPPORT FRAME DETAILS
FIRST MOTION SHAFTS
MECHANICAL DETAILS
GEAR BCX DETAILS SH 1
GEAR BOX DETAILS 





NO OFF ITEM DESCRIPTION -----  MAT L 1 REMARKS | CAT NO
§
I
OPTIMUM DESIGN OF SPU R  AND HELICAL 
GEARS TO BS ¿36 
THESIS GEAR BOX TEST RIG 
LAYOUT OF EQUIPMENT IN LABORATORY .
WOLLONGONG U N IV ER S IT Y
DRN
O.G.
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